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(57) Mircolenses 3a and 3b are formed on a first 
surface of a transparent substrate, and an output effi- 
ciency control device 2 which modulates a light amount 
of incident light is provided on a second surface oppos- 
ing the first surface. Incident light 4 is made to be inci- 
dent obliquely to an optical axis of the mircolens 3a to 
be focused on the output efficiency control device 2. 
The output efficiency control device 2 modulates a light 
amount of incident light and outputs the light as outgo- 
ing light 5 through the mircolens 3b. Because of such a 
structure, the output efficiency control device 2 can be 
decreased in size, compared with a diameter of a beam 
and an aperture of a mircolens. 
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Description 



TECHNICAL FIELD 



The present invention relates to an output efficiency s 
control device, and a projection-type display apparatus, 
an infrared sensor and a non-contact thermometer 
which use the output efficiency control device. 



BACKGROUND ART 



w 



An optical modulator modulates the intensity of inci- 
dent light and outputs it. As a conventional example, 
there has been an optical modulator described in U.S. 
Patent No. 5.31 1,360 and an article "DeformaWe Grat- 75 
ing Optical Modulator" (Optics Letters. Vol. 17. No 9, 
May 1, 1992) by O. Solgaard et al. This optical modula- 
tor modulates the intensity of light by utilizing the diffrac- 
tion effect of light and has the advantage of being 
miniaturized and mass-produced in an IC process. 20 

; Figure 32(a) is a plan view of an optical modulator 
described in the above-mentioned US. Patent and arti- 
cle, and Figure 32(b) is a cross-sectional view taken 
along a line K-K" in Figure 32(a). 

The optical modulator includes a silicon substrate 25 
1001, a spacer layer 1002 made of a silicon oxide film 
formed in a peripheral region of the silicon substrate 
1001, and a dielectric layer 1003. The dielectric layer w " 
1003 is patterned to a plurality of "minute dielectric 
beams 1004, and the dielectric beams 1004 float in a 30 
hollow space with both ends supported by the spacer 
layer 1 002. The dielectric layer 1 003 is made of a silicon 
nitride film rich in silicon, and its residual stress is 
reduced to about 200 MPa. The thickness of the spacer 
layer 1002 and the dielectric layer 1003 is set to be ,35 
'equal to 1/4 of a Welength'of 1«ght vvhose effideMicy is , ^ 
to be controlled, i.e. light which is incident upon the 
optical modulator. 

Openings 1 005 each having a width equal to that of 
each dielectric beam 1004 are formed between the die- aq 
lectric beams 1004. Furthermore, an Al reflective film 
1006 which also functions as an electrode is provided ^ 
above the substrate 1001. The reflective film 1006 is 
composed of upper reflective films 1007 formed on the 
surfaces of the dielectric beams 1004 and lower reflec- as 
tive films 1008 formed on the surface of the substrate 
1001 through the openings 1005. The upper reflective 
films 1007 and the lower reflective fflms 1008 form a 
reflection-type grating. 

The optical modulation principle of a conventional so 
optical modulator having the above-mentioned structure 
will be described with reference to Figures 33(a) and 
(b). In these figures, components identical with those in 
Figure 32 are denoted by the reference numerals iden- 
tical with those in Figure 32, and their description will be ss 
omitted. 

Figure 33(a) shows a state where a voltage is not 
applied between the reflective film 1006 and the sub- 
strate 1001 . At this time, the difference in step between 



the upper reflective films 1007 and the lower reflective 
films 1008 is 1/2 of a wavelength of the incident light, 
and the difference in optical path between light reflected 
from the upper reflective films 1007 and light reflected 
from the lower reflective films 1008 is one wavelength. 
Therefore, the phases of these light beams are 
matched. Thus, the reflection-type grating functions as 
an ordinary mirror with respect to incident light 1010 
which is incident upon the grating, and the incident light 
1010 becomes zero-th order diffracted light 101 1 to be 
reflected to an incident side. 

On the other hand, under the condition that a volt- 
age is applied between the reflective film 1006 and the 
substrate 1001, the reflective film 1006 and the sub- 
strate 1001 forms a capacitor interposing the dielectric 
layer 1003 and an air layer 1012, and the reflective film 

1006 is positively charged and the substrate 1001 is 
negatively charged. Since an electrostatic attracting 
force is affected between the charges, the dielectric 
beams 1004 are bent and attracted to the substrate 
1001 until they come into contact with the substrate 
1001. as shown in Figure 33(b). At this time, the differ- 
ence in step between the surfaces of the upper reflec- 
tive films 1007 and those of the lower reflective films 
1008 becomes 1/4 of a wavelength of the incident light, 
and the difference in optical path between the light 
reflected from the [ surfaces of Wupper reflective films 

1007 and the light' reflected from the surfaces of the 
lower reflective films 1008 bebomes a 1/2 wavelength in 
round travel, whereby the phases between these light 
beams are shifted by a half wavelengtfi. Thus, the light 
reflected from the u^r&lectivei film 1007 and the 
light reflected from trie lower reflective film 1008 cancel 
each other to eliminate zero-th order diffracted light, and 
^S 0 ^ >!^;9??®r#> an the ;zero-th order diffracted 
light is outptit For exariple, at this time, ±1st order dif- 
fracted Oght beams 1013a and 1013b are generated at 
a diffraction efficiency of 41%, respectively. As 
descrfoed above, the optical modulator is capable of 
.modyta^ incident light by turning on/off a voltage 
applied to the reflective film 1006 and the substrate 
1001. ^ 

However, the above-mentioned conventional optical 
modulator modulates incident light having a beam diam- 
eter at most with a size of the grating. Thus, in order to 
modulate incident light having a large diameter, it is 
required to increase the size of the grating. However, 
when the grating is increased in size, the grating is likely 
to adhere to the silicon substrate 1 001 during the step of 
floating the grating by a half wavelength. Therefore, it 
was difficult to produce such a conventional optical 
modulator with a good yield. 

The objective of the present invention is to provide 
an optical modulator which is capable of modulating the 
light amount of incident light having a large beam diam- 
eter and which has a high response speed, an output 
efficiency control device which is capable of obtaining a 
uniform diffraction effect, and a display apparatus, an 
infrared sensor and a non-contact thermometer which 
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use the optical modulator and the output efficiency con- 
trol device. 

DISCLOSURE OF THE INVENTION 

An optical modulator of the present invention com- 
prises: output efficiency control means for modulating a 
light amount of light which is incident thereupon; first 
focusing means for focusing the light onto the output 
efficiency control means; and second focusing means 
for outputting the light whose light amount is modulated 
by the output efficiency control means, wherein the first 
and second focusing means are disposed so as to 
oppose the output efficiency control means, whereby 
the above-mentioned objective is achieved. 

In an embodiment, the output efficiency control 
means is a reflection-type optical element 

In an embodiment, the first focusing means and the 
second focusing means are formed on an identical sur- 
face of a substrate. 

In an embodiment, the optical modulator further 
has a transparent substrate having a first surface and a 
second surface opposing each other, and the first focus- 
ing means and the second focusing means are formed 
on the first surface of the transparent substrate, and the 
output efficiency control means is a reflection-type opti- 
cal element formed on the second surface of the trans- 
parent substrate. 'T . '. 

In an embocRmerrt; ; the ^ output efficiency control 
means includes^ a transparent electrode which func- 
tions as a first electrode, formed on the second surface 
of the transparent f jSLteftrate;" a^fflrs|.. grating formed on 
the transparent electrode; a spaoar layer formed on the 
transparent electrode; and a second grating composed 
of a plurality of beams having portions which function as 
second electrodes, both ends of the beams bang sup- 
ported on the spacer layer, wherein a distance between 
the transparent electrode and the second grating is var- 
ied by adjusting a voltage applied between the first elec- 
trode and the second electrodes, thereby controlling an 
efficiency at which the light focused by the first focusing 
means is output to the second focusing means. The out- 
put control efficiency means may further have an insu- 
lating layer provided on the first grating. 

In an embodiment, the first and second focusing 
means have an identical shape, and the output effi- 
ciency control means is disposed with a center thereof 
positioned at a point of intersection of a line vertical to a 
plane on which the first focusing means and the second 
focusing means are formed, extending from a center of 
a straight line connecting a center of the first focusing 
means and a center of the second focusing means, and 
a plane on which the output efficiency control means is 
formed. ' ^ . 

In an embodiment the first focusing means and the 
second focusing means have a similar elliptical shape in 
which a cross-section in a thickness direction gradually 
decreases and are arranged in a major axis direction 
thereof. Preferably, assuming that an incident angle of 



an optical axis of the light incident on the first focusing 
means with respect to a vertical direction of a plane on 
which the first focusing means and the second focusing 
means are formed is 6, a size ratio of the major axis of 
5 the ellipsoid to a minor axis is 1/cose . 

In an embodiment the first focusing means and the 
second focusing means are diffraction-type mircolenses 
having a binary/multi-level structure. 

In an embodiment the first focusing means and the 
w second focusing means are square lenses each having 
a rectangular aperture, and an interval between the plu- 
rality of beams in the second grating of the output effi- 
ciency control means gradually increases in a 
longitudinal direction of the beams. A period of the grat- 
is ing may increase according to a linear function in a lon- 
gitudinal direction of the grating. Preferably, the first 
grating and the second grating of the output efficiency 
control means are designed in such a manner that a 
portion of the grating haying a smallest period becomes 
20 7 times or more a wavelength of the incident light More 
preferably, assuming that a length of one side of the lens 
is U a focal length of the lens is f. and an angle formed 
by a normal to a princfcal plane of the plate of the output 
efficiency control device and the optical axis of the lens 
25 is 6, the first grating and the second grating are 
designed in such a manner that a portion of the grating 
having a . r largest ^period becomes 
7(2f + Ltan6)/(2f - LtanO) times or more the wave- 
length of .the incident light. In the second grating, 
lengths of the plurality of beams may be equal. 

In an embodiment the output efficiency control 
means is a movable mirror. . 

V According to another aspect of the present inven- 
tion, a display apparatus is provided. The display appa- 
35 ratus includes: a light source; splitting means for 
splitting light emitted from the fight source into a plurality 
of colored light beams having wavelength ranges differ- 
ent from each other; a plurality of optical modulators, 
provided in optical paths of the plurality of colored light 
40 beams, respectively, for modulating the plurality of 
colored light beams, respectively; and an imaging lens 
imaging the plurality of colored light beams modulated 
by the plurality of optical modulators, wherein each of 
the plurality of optical modulators includes: a plurality of 
45 output efficiency control means arranged in an array, for 
modulating a light amount of a corresponding colored 
fight beam of the plurality of colored light beams; and 
focusing means having a plurality of focusing elements 
arranged in an array, the corresponding colored light 
so beam is incident upon the focusing means in a direction 
oblique to an optical axis of the focusing means and is 
focused on the output efficiency control means, and the 
modulated corresponding colored light beam is output 
in an oblique direction through the focusing means. 
55 In an embodiment an incident angle at which the 
colored light beam is incident upon the focusing means 
is equal to an angle at which the colored light beam is 
output from the focusing means, an interval at which the 
plurality of output efficiency control means are arranged 
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is equal to an interval at which the plurality of focusing 
elements are arranged in the focusing means, and the 
plurality of output efficiency control means are disposed 
so as to be shifted by a half of the arrangement interval 
with respect to the focusing means in a direction in 
which an incident direction of the colored light beam is 
tilted with respect to the optical axis of the focusing 
means. 

In an embodiment, each of the plurality of output 
efficiency control means is disposed so as to oppose a 
pair of focusing elements adjacent to each other of the 
plurality of focusing elements of the focusing means, 
receives the corresponding colored light beam from one 
of the pair of focusing elements, and outputs the modu- 
lated corresponding colored light beam to the other one 
of the pair of focusing elements. 

Jn an embodiment, the plurality of output efficiency 
control means are arranged in an m-row and n-column 
two-dimensional array, the plurality of focusing elements 
arei arranged in an (m+1)-row and n-column two-dimen- 
sional array in the focusing means, and output efficiency 
control means on a k-th row is disposed so as to corre- 
spond to a focusing element on a k-th row and a focus- 
ing element on a (k+1 )-th row. 

In an embodiment, the plurality of optical modula- 
tors include a transparent substrate having a first sur- 
face on which the focusing means is formed and a 
second surface opposing the first surface, and the out- 
put efficiency control means is a reflection-type optical 
element formed on the second surface. Each of the plu- 
rality of output efficiency control means includes: a 
transparent electrode which fun^pns ; as a first e!e£- " 
trode, provided on the second surface of the transparent ! 
substrate; a first grating formed on the transparent elec- 
trode; a spacer layer formed on the transparent elec- 
trode; and a second grating composed of a plurality of 
beams having portions which function as second elec- 
trodes, both ends of the beams being supported on the 
spacer layer, wherein a distance between the transpar- 
ent electrode and the second grating is varied by adjust- 
ing a voltage applied between the first electrode and the 
secqhd electrodes, thereby an efficiency at which the 
corresponding colored light beam is output to the focus- 
ing means is controlled. 

- In an embodiment, the plurality of focusing ele- 
ments have a similar elliptical shape in which a cross- 
section gradually decreases in a thickness direction 
thereof. Preferably, assuming that an angle of an optical 
axis of the corresponding colored light beam incident 
upon the focusing means with respect to a vertical 
direction of a plane on which the focusing means is 
formed is e, a size ratio of a major axis of the ellipsoid to 
a minor axis is 1/cosG . 

in an embodiment," the splitting means has a first 
splitting element which reflects a blue light beam and 
transmits the other light beams, a second splitting ele- 
ment which reflects a green light beam and transmits 
the other light beams, and a third splitting element 
which reflects a red light beam and transmits the other 



light beams. A wavelength bandwidth of light reflected 
from the first splitting element is smaller than wave- 
length bandwidths of light reflected from the second 
splitting element and the third splitting element Afterna- 

5 tively. a wavelength bandwidth of light reflected from the 
third splitting element is larger than wavelength band- 
widths of light reflected from the first splitting element 
and the second splitting element. Alternatively, a wave- 
length bandwidth of reflected light decreases in the 

w order of the third splitting element, the second splitting 
element and the first splitting element Preferably, the 
light emitted from the light source passes through the 
first splitting element, the second splitting element, and 
the third splitting element in this order. 

is In an embodiment each of the plurality of optical 
modulators further has a control circuit of the output effi- 
ciency control means, and the second electrode of each 
of the output efficiency control means is connected to a 
connecting electrode of the control circuit via a solder 

20 bump. 

In an embodiment each of the plurality of optical 
. modulators further has light absorbing means provided 
in a region of the transparent substrate other than a 
region thereof where the focusing means and the plural- 
25 ity of output efficiency control means are formed. The 
; light absorbing means rray also be provided on each 
periphery of the^plu^rtyWf^ 

, In an embodiment, the butpuf efficiency control 

1 means outputs zero-th order diffracted light of the corre- 
30 ';" sponding colored light beam/ ? 
; . ^ ^ In an embodiment toe plurality ot output eff idency 
<»rftrqlmeare ate 

In an embo^imaTt ^e focusing rrfeans is a diffrac- 
tion : type miri^ensjairay^ ^^hawng a binary/multi-level 

; t ' i In an errt>ocDment in the second grating, an inter- 
val of the plurality of beams gradually increases in a lon- 
gitudinal direction of the beams. A period of the grating 
increases according to a linear function in a longitudinal 

40 direction of the grating. In the second grating, lengths of 
the plurality of beams iare equal. */• 1. V . 

According to ano^er aspect of the present inven- 
tion, an output efficiency corttrbl device is provided. The 
output efficiency control device is an output efficiency 

45 control device which modulates a light amount of inci- 
dent light and outputs the modulated light comprising: a 
plate having a portion which functions as a first elec- 
trode; a spacer layer formed on the plate; and a grating 
composed of a plurality of beams which are not parallel 

so to each other, the beams having portions which function 
as second electrodes, both ends of the beams being 
supported on the spacer layer, wherein a distance 
between the grating and the plate is varied by adjusting, 
a voltage applied between he first electrode and the 

55 second electrodes, whereby an output efficiency of the 
light is controlled. : 

In an embodiment a period of the grating gradually 
increases in a longitudinal direction of the grating. A 
period of the grating increases according to a linear 
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function in a longitudinal direction of the grating. 
Lengths of the plurality of beams are equal. 

In an embodiment, the plurality of beams of the 
grating are aligned on an identical plane when a voltage 
is not applied between the first electrode and the sec- 
ond electrodes, and every other beam is attracted to the 
plate side when a voltage is applied, thereby the output 
efficiency is controlled. The plurality of beams are 
densely aligned and function as a mirror when a voltage 
is not applied between the first electrode and the sec- 
ond electrodes. 

In an embodiment, assuming that a wavelength of 
the incident light is X, and an angle formed by a normal 
of a principal plane of the plate of the output efficiency 
control device and an optical axis of the incident light is 
6, an operation distance of the grating is set to be 
mX/(4cos8) , where m is an integer. 

In an embodiment, assuming that a wavelength of 
the incident light is K and an angle formed by a normal 
to a principal plane of the plate of the output efficiency 
control device and an optical axis of the incident light is 
6, a thickness of the beams is set to be mX/(4cos9) , 
where m is an integer. 

In an embodiment, the output efficiency control 
device of the present invention further includes a reflec- 
tive film formed on a surface of the plate and a surface 
of the grating. 1 

^ " f 1ri an embodiment, the output efficiency control 
'device of the present invention further includes an insu- 
lating film formed between the plate and the grating. 
Furthermore, the output efficiency control device of the 
present invention further includes a reflective film 
formed on a surface of the insulating layer and a surface 
of the grating. 

According to another aspect of the present inven- 
tion, an infrared sensor is provided. Theihfirared sensor 
includes: a lens for focusing infrared fight; a pyro-elec- 
tric element; and the output efficiency control device 
having the above-descrfoed configuration, which 
receives the infrared light focused by the tens and out- 
puts at least part of the infrared light to the pyro-electric 
element. ; , ^ 

In an embodiment the pyro-electric element has a 
rectangular surface. 

In an embodiment, the lens has a rectangular aper- 
ture. 

In an embodiment, the output efficiency control 
device is obliquely disposed in such a manner that a 
normal to a principal plane of the plate is disposed so as 
not to be parallel to an optical axis of the lens. 

In an embodiment, the output efficiency control 
device is disposed in such a manner that only zero-th 
order diffracted light of diffracted tight diffracted by the 
grating of the output efficiency control device is incident 
upon the pyro-electric element and diffracted light other 
than the zero-th order diffracted fight is not incident 
upon the pyro-electric element 

In an embodiment a chang in a distance between 
the grating and the plate of the output efficiency control 



device changes a light amount of the zero-th order dif- 
fracted light. 

In an embodiment, the infrared sensor further 
includes a sealing member having an opening, and the 
s sealing member contains the output efficiency control 
device and the pyro-electric element. The lens may be 
provided in the opening of the sealing member. 

In an embodiment, the lens is a diffraction-type 
lens. 

10 In an embodiment, a smallest period of the grating 
of the output efficiency control device is 7 times or more 
a wavelength of the infrared light. Assuming that a 
length of one side of the lens is L, a focal length of the 
lens is f. and an angle formed by a normal to a principal 

15 plane of the plate of the output efficiency control devic 
and an optical axis of the lens is 8, a largest period of 
the grating is 7(2f + Ltan9)/(2f - Ltane) times or more a 
wavelength of the infrared light. 

In an embodiment the output efficiency control 

20 device is disposed in such a manner that a direction 
which is parallel to a principal plane of the plate and ver- 
tical to the grating is vertical to an optical axis of the 
tens. 

According to another aspect of the present inven- 
ts tion, an infrared sensor is provided. The infrared sensor 
includes: an output efficiency control device having a 
structure as described above, which outputs at least 
part of indent infrared light; a pyro-electric element; 
and a lens for focusing the infrared light output from the 
30 output efficiency control device onto the pyro-electric 
element provided between the output efficiency control 
device and the pyro-electric element. 

^ ^ ^(rtjociimen^ 1 the pyro-electric element has a 
rectangular surface. 
35 In an embodiment the lens has a rectangular aper- 
ture t: " ; ' c \ • 

In an embodiment the output efficiency control 
device is obliquely disposed in such a manner that a 
normal to a principal plane of the plate is not parallel to 
40 an optical suds of the lens. 

In an embodiment the output efficiency control 
device is disposed in suph a manner that only zero-th 
order c&ffracted light of diffracted, light diffracted by the 
grating of the output efficiency control device is incident 
45 upon the pyro-electric element, and diffracted light other 
than the zero-th order diffracted light is not incident 
upon the pyro-electric element 

In an embodiment, a change in a distance between 
the grating and the plate of the output efficiency control 
so device changes a light amount of the zero-th order dif- 
fracted light 

In an embodiment the infrared sensor further 
includes a sealing member having an opening, and the 
sealing member contains the output efficiency control 
55 device and the pyro-electric element 

In an embodiment the lens has a surface relief 
structure in accordance with a modulated amount of a 
phase of the lens and is composed of a material 
selected from the group consisting of Si, Ge, GaAs, InP, 
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GaP, ZnSe, and ZnS. 

In an embodiment, the output efficiency control 
device is disposed in such a manner that a direction 
which is parallel to a principal plane of the plate and ver- 
tical to the grating is vertical to an optical axis of the 
lens. 

According to another aspect of the present inven- 
tion, an output efficiency control device array is pro- 
vided, which modulates a light amount of incident light 
and outputs the modulated light, having a plurality of 
output efficiency control devices arranged in a two- 
dimensional array. Each of the plurality of output effi- 
ciency control devices includes: a plate having a portion 
which functions as a first electrode; a spacer layer 
formed on the plate; and a grating composed of beams 
which are not parallel to each other, the beams having 
portions which function as second electrodes, both 
ends of the beams being supported on the spacer layer, 
wherein a distance between the grating and the plate is 
varied by adjusting a voltage applied between the first, 
electrode and the second electrodes, thereby an effi- 
ciency at which 1he light is output is controlled. 

According to another aspect, of the present inven- 
tion, an infrared sensor is provided. The infrared sensor 
includes: a lens for focusing infrared light; a pyro-elec- 
tric element; and an output efficiency control device 
array having the ^abcn^mentioned structure, which 
receives the infrared fight focused by the lens and out- 
puts at least part of the infrared light to the pyro-electric 
element. 

According to still another aspect of the present 
invention, a method for driving an infrared sensor hav-. 
ing the above-mentioned sfructure is provided, the 
method includes the steps of: successively operating 
the plurality of output efficiency control devices, and 
successively detecting output signals from the pyro- 
electric elament thus obtained; , and detecting a two- 
dimensional infrared light intensity distribution as infor- 
mation in time sequence, based on the detected output 
signals from the pyro-electric element. 

"According to still another aspect of the present r 
invention, an infrared sensor is provided. The infrared 
sensor includes: an output efficiency control device 
arr^ having the above-mentioned structure, which out- 
puts at least part of incident infrared light; a pyro-electric 
element; and a lens for focusing the infrared light output 
from the output efficiency control device onto the pyro- 
electric element provided between the output efficiency 
control device and the pyro-electric element. 

According to still another aspect of the present 
invention, a method for driving an infrared sensor hav- 
ing the above-mentioned structure is provided. The 
method includes the steps of: successively operating 
the plurality of output efficiency control devices, and 
successively detecting ulput signals, from the pyro- 
electric 'element thus obtained; and detecting a two- 
dimensional infrared light intensity distribution as infor- 
mation in time sequence, based on the detected output 
signals from the pyro-electric element. 



According to still another aspect of the present 
invention, a non-contact thermometer is provided. The 
non-contact thermometer includes: a lens for focusing 
infrared light; a housing having an opening; a shield 

5 which closes and opens the opening; a pyro-electric 
element provided in the housing; contact-type tempera- 
ture measuring means provided on a side wall of the 
housing; and an output efficiency control device having 
the above-mentioned structure, which is provided in the 

10 housing, receives the infrared light focused by the lens, 
and outputs at least part of the infrared light Preferably, 
the contact-type temperature measuring means is a 
thermo-couple. 

According to still another aspect of the present 
is invention, a non-contact thermometer is provided. The 
non-contact thermometer includes: a housing having an 
opening; a shield which closes and opens the opening; 
a pyro-electric element provided in the housing; con- 
tact-type temperature measuring means provided on a 

20 side wall of the housing; an output efficiency control 
device having the above-mentioned structure, which is 
provided in the housing, receives infrared light through 
the opening, and outputs at least part of the infrared 
light; and a lens which outputs at least part of the infra- 

25 red light output from the output efficiency control device 
to the pyro-electric element Preferably, the contact-type 
^Jemperature measuring means is a thermo-couple. , 
. aspectof the present 

invention,' a non-contact thermometer is provided. The 

30 non-contact thermometer includes: a lens for focusing 
.infrared light; a. housing haying an opening; a shield 
, . whicfi .doses and opens the /opening;, a -pyro-electric 
element provided in the housing; contact-type tempera- 
. ^ tare measuring means provided on a side wall of the 

35^ . Jioiising; and an ^ ou^ut effidehcy confrol device array 
, haying the above-mentioned structure, which is pro- 
vided in the housing, receives the infrared light focused 
by the lens, and outputs at least part of the infrared light. 
Preferably, the contact-type temperature measuring 

40 v means isathenroHOouple. 1 1 . 

According to still another aspect of the present 
invention, a non-contact thermometer is provided. The 
non-contact thermometer includes: a housing having an 
opening; a shield which doses and opens the opening; 

45 a pyro-electric element provided in the housing; con- 
tact-type temperature measuring means provided on a 
side wall of the housing; the output efficiency control 
device of claim 71, which is provided in the housing, 
receives infrared light incident through the opening, and 

so outputs at least part of the infrared light; and a lens 
which outputs at least part of the infrared light output 
. from the output efficiency control device to the pyro- 
electric element PreferaUy^the contact-type tempera- 
turem^sunngmeansisamemTo-OTupie. 

55 ' According to still another aspect of the present 
invention, a method for producing a display apparatus 
having the above-mentioned structure is provided. The 
production method includes the steps of: producing the 
plurality of optical modulators; and arranging and 
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assembling the light source, the splitting means, the plu- 
rality of optical modulators, and the imaging lens, 
wherein the step of producing the plurality of optical 
modulators includes: forming the focusing means on a 
first surface of a transparent substrate; forming the plu- 
rality of output efficiency control means each having a 
connecting portion for driving on a second surface of the 
transparent substrate opposing the first surface; con- 
necting the connecting portion for driving to a driving cir- 
cuit for driving the plurality of output efficiency control 
means; in the case where there is a connection defect 
between the connecting portion for driving and the driv- 
ing circuit irradiating the connecting portion corre- 
sponding to the connection defect with laser light, 
thereby repairing the connection defect 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a view showing a structure of an optical 
' modulator in Embodiment 1 of the present invention: (a) 
is a perspective view seen from a lower surface and (b) 
is a side view. 

Figure 2 is a cross-sectional view taken along a line 
A-A' in Figure 1. 

Figure 3 shows an example of diffraction-type ellip- 
tical mircolenses: (a) is a plan view and (b) is a cross- 
sectional view of one of the mircolenses in (a). 

Figure 4 illustrates the steps of producing an output 
efficiency control device in Embodiment 1. 

Figure 5 is a view showing a structure of an optical 
modulator using a movable mirror as an output effi- 
ciency control device. 

Figure 6 is a perspective view seen from a lower 
surface showing a structure of the optical modulator in 
Embodiment 2 of the present invention. 
- Figure 7 schematically shows a structure of a dis- 
play apparatus in Embodiment 3 of the present inven- 
tion. " : 

Figure 8 is a view showing a structure of an optical 
modulator in the display apparatus in Figure 7: (a) is a 
top perspective view and (b) is a cross-sectional view. 

Figure 9 shows a state where a driving circuit driv- 
ing an output efficiency control device is connected to 
the optical modulator in the display apparatus in Figure 
7. 

Figure 10 shows wavelength dependence charac- 
teristics of a zero-th order diffraction efficiency (output 
efficiency of reflected fight) of the output efficiency con- 
trol device in Embodiment 3. 

Figure 1 1 shows a relationship between the array of 
a plurality of arranged rectangular mircolenses and the 
aperture ratio. 

Figure 12 is a perspective vjew showing a structure 
of an infrared sensor using the output efficiency control 
device in Embodiment 4 of the present invention. 

Figure 13 is a side view of the infrared sensor in 
Figure 12. 

Figure 14 is a plan view of a lens of the infrared 
sensor in Figure 12. 



Figure 15 is a view showing an example of a spot 
shape on a pyro-electric element: (a) shows the case 
where incident light is focused on the pyro-electric ele- 
ment using a conventional circular lens and (b) shows 
5 the case where a lens is in the form of a rectangle. 

Figure 16 shows a structure of an output efficiency 
control device in Embodiment 4: (a) is a plan view and 
(b) is a cross-sectional view taken along a fine B-B' in 
(a). 

10 Figure 1 7 illustrates the steps of producing the out- 
put efficiency control device in Figure 16. 

Figure 18 illustrates an operation of the output effi- 
ciency control device in Figure 16. 

Figure 19 shows a structure of an optical modulator 
is in a display apparatus in Embodiment 5 of the present 
invention: (a) is a top perspective view and (b) is a 
cross-sectional view. 

Figure 20 shows a state where a driving circuit for 
driving an output efficiency control device is connected 
20 to the optical modulator in the display apparatus in Fig- 
ure 19. 

Figure 21 schematically shows a grating configura- 
tion of the output efficiency control device in Embodi- 
ment 5. 

25 Figure 22 is a view showing a structure of an output 
efficiency control device in Embodiment 6 of the present 
invention: (a) is a plan view and (b) is a cross-sectional 
viiew taken along a line E-E' in (a). 

Figure 23 shows a structure of an output efficiency 
control device in Embodiment 7 of the present invention: 
(a) is a plan view and (bj is a cross-sectional view taken 
along a line F»F in (a). 

Figure 24 illustrates the steps of producing the out- 
put efficiency control device in Figure 23 

Figure 25 illustrates an operation of the output effi- 
ciency control device in Figure 23. 

Figure 26 is a view showing a structure of an infra- 
red sensor in Embodiment 8 of the present invention: 
(a) is a side view and (b) is a view seen in a -x direction 
40 from a plana which is parallel to a y-z plane and 
includes a line G-G\ 

Figure 27 is a view showing a structure of an infra- 
red sensor in Embodiment 9 of the present invention. 
Figure 28 is a view showing a structure of an output 
45 efficiency control device array in the infrared sensor in 
Figure 27: (a) is a plan view, (b) is a cross-sectional 
view taken along a line H-H' in (a), and (c) is a cross- 
sectional view taken along a line M v in (a). 

Figure 29 is a view showing a structure of means for 
so measuring a two-dimensional intensity distribution of a 
light source (heat source) using the output efficiency 
control device array in Embodiment 9. 

Figure 30 is a view showing a structure of an infra- 
red sensor in Embodiment 10 of the present invention: 
55 (a) is a side view and (b) is a view seen in a -x direction 
from a plane which is parallel to a y-z plane and 
includes a line J-J*. 

Figure 31 is a cross-sectional view showing a struc- 
ture of a non-contact thermometer in Embodiment 11 of 
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the present invention. 

Figure 32 is a view showing a structure of a conven- 
tional optical modulator: (a) is a plan view and (b) is a 
cross-sectional view taken along a line K-K' in (a). 

Figure 33 illustrates an optical modulation principle s 
of a conventional optical modulator. 

Figure 34 is a plan view of an array of diffraction- 
type elliptical mircolenses. 

Figure 35 is a view showing a structure of an optical 
modulator using an array of movable mirrors. w 

BEST MODE FOR CARRYING OUT THE INVENTION 



(Embodiment 1) 
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Figures 1(a) and (b) are a perspective View seen 
from ; a lower surface showing a structure of an optical 
mbdulator in Embodiment 1 of the present invention and 
a ,§ide view thereof, and Figure 2 is a cross-sectional 
vidw taken along a line A-A* in Figure 1 . 20 

' In the optical modulator of the present embodiment 
as shown in Figure 1, a mircolens 3a as first focusing 
means and a mircolens 3b as second focusing means 
are formed on a first surface which is a surface of a 
transparent substrate 1 made of glass or the like having 25 
a thickness of, for example, 2 mm. The mircolenses 3a 
and 3b are provided adjacent to each other, having the 
identical shape. . , ..' 

A reflection-type output efficiency control device 2 
is formed on a second surface opposing the first surface 30 
of the transparent substrate 1. The output efficiency 
control devipe 2 is provided with its center disposed at a 
crossed point of a vertical fine to the plane (first surface) , : 
on which the . lenses are formed, extending from the 
center of a straight line connecting the center of the lens 35 
3a to the center of the lens 3b, and the plane (second 
surface) on which the output efficiency control device 2 
is formed. In other words, in the present embodiment, 
the output efficiency control device 2 is disposed right 
below the middle point between the mircolenses 3a and 40 

~ln the present embodiment circular lenses having 
an aperture of 1 mm were used as the mircolenses 3a 
and 3b. Such circular lenses may be produced by any 
method. In the present embodiment, a resist is coated 45 
on a substrate 1 , the substrate 1 is baked at a softening 
temperature of the resist or higher so as to cause the 
resist to flow, and the resist is formed into a mountain 
shape by surface tension. 

In the present embodiment, although circular mir- so 
colenses are used, the shape of the mircolens is not lim- 
ited thereto. Fa example, rectangular or elliptical lenses 
can be used. Furthermore, a diffraction-type mircolens 
or an aspheric.lens may be produced by a semiconduc- ^ 
tor process such as photolithography, etching, and dep- . 55 *' 
osrtion. Figure 3(a) is a plan view showing an example 
of diffraction-type elliptical mircolenses. Figure 3(b) is a 
cross-sectional view of one mircolens in Figure 3(a) 
taken along an x-z plane. A diffraction-type mircolens 



having a binary/mufti-level structure in the form of steps 
in cross-section as shown in Figure 3(b) can be mass- 
produced by repeat photolithography, etching/deposi- 
tion of thin films used in an ordinary semiconductor 
process. Therefore, mircolenses having outstanding 
mass-productivity and production precision can be 
obtained. 

For example, incident light 4 having a beam diame- 
ter of 0.9 mm is incident upon the mircolens 3a so that 
an optical axis of the incident light 4 is at an angle of 01 
(e.g., 20.2°) with respect to in a z-axis direction shown 
in Figure 1(b), travels through the substrate 1 while the 
optical axis thereof is at an incident angle of e (e.g., 
13.3°), and is focused onto the output efficiency control 
device 2. Here, the incident light 4 is reflected (reflection 
angle: e. e.g., 13.3°), is collimated by the mircolens 3b. 
and is output as outgoing light 5 with the optical axis 
being at an output angle of 81 (e.g., 20.2°). 

In the present embodiment a light-absorbing mem- 
ber 6 is provided in a region of the surface of the trans- 
parent substrate 1 other than the regions where the 
mircolenses 3a and 3b and the output efficiency control 
device 2 are formed. The light-absorbing member 6 was 
produced by coating a film which has a light-absorbing 
function with respect to a wavelength of incident light, 
e.g., .a, qa^bon or phfoalocyanine compound mixed with 
a polymer such as polyirrade and PMMA. However, the 
structure arxl method for production of the light-absorb- 
ing member 6 are not limited thereto. The light-absorb- 
ing member 6 may be formed by vapor-depositing an 
organic film of a pigment or the. like having a light- 
absorbing effect with respect to a wavelength of incident 
light Such a light-absorttng member 6 has the effect of 
removing stray light in the substrate 1 and from outside 
of the substrate 1 and improving an S/N ratio of the out- 
going light 5 V \ \j " *\ y ; . ~ . ' _ 

In the present embodiment the light-absorbing 
member 6 is also provided on the periphery of the mir- 
colenses 3a and 3b. Such a structure has the advan- 
tage of allowing only the regions with satisfactory lens 
characteristics to be used as first and second focusing 
means, without using the periphery of the mircolenses 
where the lens characteristics are generally likely to 
degrade due to the surface tension with respect to the 
substrate 1.. 

The plane structure of the output efficiency control 
device 2 is shown as a perspective view in Figure 1 (a), 
and the output efficiency control device 2 has a size of, 
for example, 100 \im x 100 jim. Hereinafter, referring to 
Figures 2 and 4, the structure and the production steps 
of the output efficiency control device 2 will be 
described. In the following description of the structure of 
the output efficiency control device 2, the structure is 
described, seen from the reverse surface, (second sur- 
face) of the substrate 1, and therefore, the vertical rela- 
tionship is opposite to that in Figure 2. * . 

First as shown in Figure 4(a), a transparent con- 
ductive film' 7 which functions as a first electrode and a 
reflective film 8 are formed in this order on one surface 
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of the transparent substrate 1 . In the present embodi- 
ment, a glass substrate with a thickness of 2 mm is used 
as the substrate 1 . an ITO film with a thickness of 500 A 
is formed on the substrate 1 as the transparent conduc- 
tive film 7, and an Al film with a thickness of, for exam- 
ple, 4000 A is formed as the reflective film 8. 

Then, a resist mask (not shown) is formed on the 
reflective film 8, and the reflective film 8 is patterned to 
an appropriate shape by etching, whereby a first grating 
8a is formed as shown in Figure 4(b). Thereafter, as 
shown in Figure 4(c), an insulating layer 9 with a thick- 
ness of L 2 is formed so as to cover the grating 8a. In the 
present embodiment, a Si0 2 layer with a thickness of 
0.086 urn was formed as the insulating layer 9. The 
insulating layer 9 is used for preventing a short circuit 
between the first grating 8a and a second grating 8b 
described later. 

Furthermore, a sacrifice layer 10 and a reflective 
film 8' are formed as shown in Figures 4(d) and 4(e). In 
the present embodiment a polyimtde layer with a thick- 
ness of 0.3 urn was formed as the sacrifice layer 1 0 and 
an Al film with a thickness of, for example, 4000 A was 
formed as the reflective film 8\ The sacrifice layer 10 
functions as a spacer layer. Then, a resist mask (not 
shown) is formed on the reflective film 8*. and the reflec- 
tive film 8' is patterned to an appropriate shape by etch- 
ing, whereby a second grating 8b which functions as a 
second electrode and an electrode 8c are formed as 
shown in Figure 4(f). The second grating 8b is formed 
as a plurality of beams with both ends thereof supported 
on the sacrifice layer (spacer layer) 10 and electrically 
connected to the electrode 8c. Finally, the sacrifice layer 
1 0 is removed. This allows a space with a distance of L 3 
to be formed between the second grating 8b and the 
insulating layer 9. - - 
:.:> ) When a voltage is applied between ;the first elec- 
trode 7 and the second electrode 8b, the second grating 
8b comes into contact with the Si0 2 layer 9 by electro- 
static force. As a result the distance between the first 
and second gratings 8a and 8b changes. This enables 
even the output efficiency of incident light from the sub- 
strate 1 side to be controlled." v 

A thickness L 2 of the Si0 2 layer 9 and a distance L 3 
in the space between the second grating 8b and the 
Si0 2 layer 9 are set so as to satisfy L 2 = A7(4ncos6) , 
L 3 = X/(4cos61) , where the refractive index of the S1O2 
layer 9 is n (e.g., 1 .5) and the wavelength of the incident 
light 4 is X (e.g., 0.5 um). Thus, under a state where a 
voltage is not applied as shown in Figure 2(a), the dis- 
tance between the first grating 8a and the second grat- 
ing 8b seen from the incident light 4 side becomes a 1/2 
wavelength, and the phases of light are matched in 
round travel. That is, the output efficiency control device 
2 functions in the same way as in a mirror under no 
application of voltage, and only the reflected light 5 
which is zero-th order diffracted light is generated. On 
the other hand, the distance between the first grating 8a 
and the second grating 8b becomes a 1/4 wavelength 
under the application of a voltage as shown in Figure 



2(b). Therefore, the phases become opposite in round 
travel, and reflected light beam disappears, whereby 
±1st order diffracted light 11a and 11b are generated. 
That is, the intensity of the reflected light 5 or the inten- 

5 sities of ±1 st order diffracted light 1 1 a and 1 1 b can be 
modulated; however, in the present embodiment, 
reflected light (zero-th order diffracted light) is paid 
attention to, and the reflected light is modulated. 

The optical modulator of the present invention 

w focuses the incident light 4 onto the mircolens 3a, 
directs the incident light 4 onto the output efficiency con- 
trol device 2, coilimates reflected light which is zero-th 
order diffracted light by the mircolens 3b, and outputs 
the collimated light as the outgoing light 5. This enables 

is the efficiency of the outgoing light to be modulated by 
using the output efficiency control device 2 with an area 
much smaller than beam diameters of the incident light 
4 and the outgoing light 5. In the output efficiency con- 
trol device 2 with a size of 100 jim * 100 urn produced 

20 as described above, the second grating 8b is not likely 
to adhere to the Si0 2 layer 9 during the step of floating 
the second grating 8b. Thus, an output efficiency control 
device 2 can be produced with a good yield. 

Moreover, since the grating portion decreases in 

25 size, response speed can be improved. 

Furthermore, in the optical modulator of the present 
embodiment as described above, the mircolenses 3a 
and 3b and the output efficiency control device 2 are 
monolithically integrated on the front and reverse sur- 

30 faces of the transparent substrate 1. Thus, an optical 
modulator which is stable in terms of structure can be 
obtained. 

^in the case where incident fight is focused onto the 
output efficiency control device 2 by using a mircolens, 

35 it is required to dispose the output efficiency control 
device 2 exactly on the focal point of the mircolens. 
However, in the optical modulator of the present embod- 
iment the distance between the mircolens and the out- 
put efficiency control device 2 can be precisely set with 

40 ease only by prescribing the thickness of the transpar- 
ent substrate 1 so as to correspond to the focal length of 
' the mircolens. Thus, assembly can be conducted with 
good precision. 

An output efficiency control device and focusing 

45 means for focusing incident fight onto the output effi- 
ciency control device may be provided on separate sub- 
strates and then combined. Furthermore, a 
conventional optical modulator and a mircolens can be 
combined, although they cannot be integrated. 

so Furthermore, in place of the reflection-type output 
efficiency control device used in the present embodi- 
ment, a combination of an output efficiency control 
device which functions in the form of a transmission 
type and ref lecting means such as a mirror, may be 

55 used with first and second focusing means such as mir- 
colenses. 

A device with a grating structure utilizing diffraction 
is used as the output efficiency control device in the 
present embodiment The output efficiency control 
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device is not limited thereto. Any device which is capa- 
ble of controlling an output efficiency of light can be 
used. For example, a movable mirror with a micro mirror 
structure capable of being controlled by electrostatic 
force may be used. 

Figure 5 shows a structure in cross-section of an 
optical modulator using a movable mirror as an output 
efficiency control device. In this optical modulator, a 
substrate 20 with a movable mirror 24 provided on one 
surface and a transparent substrate 22 with mircolenses 
3a and 3b as first and second focusing means provided 
on one surface are disposed in such a manner that the 
movable mirror 24 faces the mircolenses 3a and 3b. 
Each movable mirror 24 is disposed right below a mid- 
dle point between the adjacent mircolenses 3a and 3b 
in the same way as in the above-mentioned output effi- 
ciency control device 2 with a grating structure, reflects 
lights which is incident through the mircolens 3a, and 
outputs the light 4 as reflected light 5 through the mir- 
cofens 3b. In the optical modulator with such a struc- 
ture: light modulation is conducted utilizing only the 
reflection of light. Therefore, there is an advantage in 
that the output efficiency does not depend upon a wave- 
length of the incident light 4 and the device is easy to 
use. 

(Eni>pdiment 2) ^ / " : 1 J " 

^Figure 6 is a perspective view seen from a lower 
surface, showing a basic structure of an optical modula- 
tor of Embodiment 2 according to the present invention. 
In figure the same components as those in Figure 1 .. 
are denoted by the same reference numerals as those 
therein, and the description thereof will be omitted. 
',' Jte optical modulator of the present embodiment is 
different from thai in the above-mentioned Embodiment 
1 only in the structures of the first focusing means for 
focusing light onto an output efficiency control device 2 
and second focusing means for outputting light from the 
bu^^ efficiency control device 2. In Embodiment 1 , the 
ar^ar ^rcolehses 3a and 3b are used as the first and 
second; to in the present 

embodiment, elliptical mircolenses 3 f a and 3'b are pro- 
vide in such a manner that their major axes are adja- 
cent to each other. 

Each of the elliptical mircolenses 3'a and 3'b has a 
similar elliptical shape in which a cross-section in a 
thickness direction gradually becomes smaller. They 
are designed in such a manner that a size ratio of a 
major axis to a minor axis of an ellipsoid becomes 
1/COS81 , where 61 is an incident angle of incident light 

As described above, the mircolenses 3'a and 3 f b 
are Resigned so as to have elliptical shapes in accord- 
ance with the incident angle, thereby aberration caused 
with respect to light which is obliquely incident upon the 
mircolens is reduced and optical modulation can be 
conducted satisfactorily. 

In the present embodiment the size ratio of a major 
axis to a minor axis of an ellipsoid was prescribed to be. 



for example. 1.22 at for example. 61 = 35°. The device 
was able to function satisfactorily even at such a large 
incident angle, in particular, as the elliptical mir- 
colenses, diffraction-type elliptical mircolenses with a 
5 binary/multi-level structure as shown in Figures 3(a) 
and (b) are suitable in terms of production. 

(Embodiment 3) 

io Referring to Figures 7 through 1 0, a display appara- 
tus of Embodiment 3 according to the present invention 
will be described. In these figures, the same compo- 
nents as those in Figures 1 through 6 are denoted by 
the same reference numerals as those therein, and the 
is description thereof will be omitted. 

Figure 7 schematically shows a structure of a dis- 
play apparatus in the present embodiment Figures 8(a) 
and (b) are a top perspective view and a cross-sectional 
view showing a basic structure of an optical modulator 
20 in the display apparatus in Figure 7. Figure 9 shows a 
state where a driving circuit for driving output efficiency 
control devices is connected to the optical modulator in 
the display apparatus in Figure 7. Figure 10 shows the 
wavelength dependence characteristics of zero-th order 
25 diffraction efficiency (output efficiency of reflected light) 
of the output efficiency control .device i.in the present 
. embodiment , . 1"^ 

As shown in Figure 7, the display apparatus of the 
present invention' has a light source 201, dichroic mir- 
30 rors 202a, 202b, 202c, 202d and 202e. three optical 
modulators 203a, , 203b, :^^0te a ^npr 204, and a 
projection lens 205 wrt^ onto a 

screen. The light source 201 is a white light source such 
as a metal halide lamp and a xenon lamp. White light 
35 : . f?*!*! ^om the light source 201 is split into blue light, 
green light, and red light by the dichroic mirrors 202a. 
202b, and 202c which selectively reflect only light in a 
particular wavelength range, and the split light beams 
are incident upon the optical modulators 203a, 203b. 
40 and 203c. respectively provided for the colored light 
beams. Here, the/espective colored fight beams are 
modulated in accordance with an image to be displayed. 
Each modulated colored light beam is combined into 
one light beam by the dichroic mirrors 202d and 202e 
4$ and projected onto a screen (not shown) by the projec- 
tion lens 205. 

Hereinafter, the operation of the display apparatus 
in the present embodiment will be described. 

Light emitted from the light source 201 as colli- 
so mated light is incident upon the dichroic mirror 202a 
which selectively reflects blue light (e.g., light in a wave- 
length range of 0.41 to 0.49 urn). Here, only blue light B 
is reflected, has its direction changed by 90° to be inci- 
dent upon the optical modulator 203a. the optical mod- 
55 ulator 203a is switched on a pixel basis by a control 
circuit (not shown) and modulates incident light on a 
pixel basis. Thus, pixels outputting reflected light which 
corresponds to zero-th order diffracted light and pixels 
not outputting reflected light exist Modulated blue light 
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B' is incident upon the dichroic mirror 202e which selec- 
tively reflects blue light in the same way as in the dich- 
roic mirror 202a. The modulated blue light B* has its 
optical path bent at the dichroic mirror 202e and is com- 
bined with other light to be formed as an image on the 
screen (not shown) by the imaging lens 205. 

Among green light and red light transmitted through 
the dichroic mirror 202a, the green light G is reflected by 
the dichroic mirror 202b which selectively reflects green 
light (e.g., light in a wavelength range of 0.5 to 0.6 um), 
and has its direction changed by 90° to be incident upon 
the optical modulator 203b. Modulated green light B' 
has its direction changed by 90° by the dichroic mirror 
202d which selectively reflects green light in the same 
way as in the dichroic mirror 202b and is combined with 
other colored light beam to be formed as an image by 
the projection lens 205. 

The red light R transmitted through the dichroic mir- 
ror 202b has its optical path bent by 90° by the dichroic 
mirror 202c which selectively reflects red light (e.g., light 
in a wavelength range of 0.6 to 0.7 um), is incident upon 
the optical modulator 203c. and spatially modulated. 
Modulated red light R' has its optical path bent by the 
mirror 204 and is formed as an image by the lens 205. 
As a result a color image with three primary colors 
mixed therein is formed on the screen. 

In each optical modulator, as shown in Figures 8(a) 
arid (b), a plurality of focusing means,' e.g., mircolenses 
3" with an aperture of 40 pm arranged in an array are 
formed on a first surface which is the surface of a trans- 
parent substrate 1 , so as to be adjacent to each other at 
a period of, for example, 40 (im, and a plurality of output 
efficiency control devices 2* arranged in' an array are" 
formed on a second surface of the transparent substrate 
1 opposing the first surface at a period of. for example, 
40 pm:\n the present anbcxfiment, the size of each out- 
put efficiency control device 2* was prescribed to be 20 
umx20 um. 

In the present embodiment light is also focused 
onto the output efficiency control device 2' by the mir- 
colehs: Therefore, the size of the output efficiency con- 
trol device 2* can be made smaller than the aperture of 
the mircolens. As a result wiring for driving the output 
efficiency control device 2' can be routed and a control 
circuit can be formed on the periphery of each output 
efficiency control device 2\ whereby dead space can be 
reduced. Thus, the aperture ratio can be substantially 
increased to improve the light utilization efficiency. 

In each optical modulator of the present embodi- 
ment, the thickness of the Si0 2 layer and the distance in 
the space (between the second grating and the Si0 2 
layer) are optimized in accordance with a wavelength of 
incident light in the output efficiency control device 
described in Embodiment 1, and such output efficiency 
control devices are arranged in an array. More specifi- 
cally, in the present embodiment the design wavelength 
of the optical modulator 203a for blue light was pre- 
scribed to be 0.45 urn, the design wavelength of the 
optical modulator 203b for green light was prescribed to 
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be 0.55 *im, and the design wavelength of the optical 
modulator 203c for red light was prescribed to be 0.65 
um. 

As shown in Figure 8(b), each optical modulator is 

5 disposed in such a manner that, light 4 which is incident 
from the corresponding dichroic mirror is incident 
obliquely with respect to the optical axis of the mircolens 
3" and output from an adjacent mircolens obliquely with 
respect to the optical axis thereof at the same angle as 

w the incident angle. Furthermore, in each optical modula- 
tor, the arrangement interval between the output effi- 
ciency control devices 2' arranged adjacent to each 
other is prescribed to be equal to the arrangement inter- 
val between the mircolenses 3" arranged adjacent to 

is each other, and an array of the output efficiency control 
devices 2' and an array of the mircolenses 3 n are 
arranged to be shifted from each other by a half of the 
arrangement interval in a direction in which incident light 
is tilted (x-direction in Figure 8(b)). 

20 "According to th^above-mentioned arrangement, in 
the optical modulator of the present invention, a mir- 
colens, which is first focusing means allowing the light 4 
to be incident upon each output efficiency control device 
2 V , also functions as second focusing means which out- 

25 puts light 5 from the output efficiency control device 2' 
adjacent in the x-direction. Thus, as described in the 
above-mentioned Embodiment 1, the output efficiency 
" control device of the present invention requires two mir- 
colenses adjacent to each other in the x-direction. In the 

30 case where mircolenses are arranged in an array in the 
optical modulator of the display apparatus, the number 
of the mircolenses is determined merely by adding the 

v number of the output efficiency control devices in one 
column in a y-direction to the number of the output effi- 

35 dency control devices contained in the array. 

^ 1^ exampler : 640 (x<lirection) x 4QQ (y-direction) 
output efficiency control devices 2 f aire required to be 
arranged in order to correspond to 640 (x-direction) x 
480 (y-direction) pixels. However, merely 641 (x-direc- 

40 tion) x 480 (y-direction) mircolenses 3 N are required to 
^ be arranged. The rate of increase in the number of the 
f' rrtrcolenses is only ^ 0,1 6%. Thus, although the display 
apparatus of the present invention has a structure in 
which the adjacent mircolenses are used in pairs, there 

45 is almost no increase in the number of mircolenses. 
Therefore, the display apparatus is easily produced. 

In the display apparatus of the present embodi- 
ment the optical modulator is produced by integrally 
forming the mircolenses 3" and the output efficiency 

so control devices 2* arranged in an array on the front and 
reverse surfaces of the transparent substrate 1. Thus, 
an optical modulator with a stable structure can be 
obtained. In particular, the output efficiency control 
devices 2' can be easily positioned 'exactly on the focal 

55 points of the mircolenses 3" by making the focal lengths 
of the mircolenses 3" coincide with the thickness of the 
transparent substrate 1, whereby satisfactory modula- 
tion characteristics can be realized. 

Furthermore, in each optical modulator, a light- 
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absorbing member 6 is provided in a region on the sur- 
face of the transparent substrate 1 other than the 
regions where the mircolenses 3" and the output effi- 
ciency control devices 2' are provided, in the present 
embodiment, the light-absorbing member 6 was pro- 
duced by coating a film having a light-absorbing func- 
tion with respect to a wavelength to be used, e.g., a 
carbon or phthalocyanine compound mixed with a poly- 
mer such as polyimide and PMMA. However, the struc- 
ture and method for production of the light-absorbing 
member 6 are not limited thereto. The light-absorbing 
member 6 may be formed by vapor-depositing an 
organic film of a pigment or the like having a light- 
absorbing effect with respect to a wavelength to be 
used. Such a light-absorbing member 6 has the effect of 
removing stray fight in the substrate 1 and from outside 
of the substrate 1 and improving an S/N ratio of the out- 
going light 5. 

^jn the present embodiment, the light-absorbing 
member 6 is also provided on the periphery of each lens 
3" in a mircolens array. Such a structure has the advan- 
tage of allowing only the regions with satisfactory lens 
characteristics to be used, without using the periphery 
of the mircolenses where the lens characteristics are 
generally likely to degrade due to the surface tension 
with respect to the substrate i. 

Furftarmore, the shape of the mircolens 3" is not 
limited to a circle, 'and [ rectangular or elliptical lenses 
piay be used. Figure 11, $hows an array of a plurality of 
arranged rectangular mircolenses. As shown in Figures 
1 1 (a) to (c), it is understood that dead space is reduced 
to inprove apertlire r^o by varying the shape and 
arrahgement of the mircolenses. 

An array of elliptical rrtrcblenses is effective in the 
case where an incident angle and an output angle with 
respeld to the optical niodulafor ^e large. An example 
of an array of . elliptical mircolenses is shown in Figure 
34. The use of elliptical mircolenses reduces aberration 
caused with respect to fight which is incident upon the 
mircolenses obliquely to the optical axes thereof, 
wh^^aby satisfactory optical modulation can be con- 
ducted. Furthermore, the elliptical mircolens is prefera- 
bly designed in- such a manner that a size ratio of a 
major" axis to a minor axis of an ellipsoid becomes 
1/cosei , where 01 is an incident angle of the incident 
light 4. 

In the case where circular lenses are used as the 
mircolenses 3", the mircolenses 3" can be produced, 
for example, by coating a resist onto the substrate 1, 
baking the substrate 1 at a softening temperature of the 
resist or higher so as to cause the resist to flow, thereby 
forming the resist into a mountain shape by surface ten- 
sion. However, the circular lenses may be produced by 
another method/ Artenative^^^ lenses 
produced by an ordinary semiconductor process such 
as photofithography, etching, and, deposition, or 
aspheric lenses may be used as the mircolenses 3". 

In the display apparatus of the present invention, a 
driving circuit for driving an array of the output efficiency 



control devices 2' of the optical modulator is composed 
of a specifically designed IC 12, and the IC 12 is electri- 
cally connected to electrode portions 2'a of each output 
efficiency control device 2' through solder bumps 13, as 
5 shown in Figure 9. Such a structure enables a stable 
device of a compact size to be obtained. In particular, 
the circuit for driving an array of the output efficiency 
control devices 2' is composed of a specifically 
designed IC, so that the circuit is easily connected to an 
w array of the output efficiency control devices 2\ 

Furthermore, in such a structure, even when some 
solder bumps 13 are not satisfactorily connected to the 
output efficiency control devices 2\ they can be easily 
repaired. This is because the transparent substrate 1 
is and an array of the mircolenses provided above the out- 
put efficiency control devices 2* transmit light More spe- 
cifically, laser light such as YAG laser light or CCfe laser 
light is irradiated to unsatisfactorily connected electrode 
portions from the ipper surface of the unsatisfactorily 
20 connected output efficiency control devices 2\ whereby 
the electrode portions are annealed to be repaired. 

Next, referring to Figures 7 and 10, the relationship 
between the modulation characteristics of each optical 
modulator and the order in which colored light beams is 
25 split from the light source 201 will be descrfoed. 

The optical modulators 203a, 203b, and 203c of the 
. j . ^present : errfcodiment .respectively have /modulation 
characteristics as shown in Figures 10(c), (b), and (a), 
and the inventors of the present invention found that the 
30 extinction ratio to be modulated is likely to decrease as 
a wayel engfh becomes shorter. .Therefore, although the 
..... wavelength i ib^.^JgM ; wtiU % incident upon the opti- 
cal modulator 203a for B corresponding to blue Tight is 
supposed to be in the range of O.40 to 0.50 pm (band- 
.35 width: Q.I is limited to the rOTge qf, for example. 
.0.41 to QA9 inn (bandwidth* X>08 pm) by the first dich- 
roic mirror 202a. By doing so, the modulation character- 
istics, in particular, the extinction ratio of the optical 
modulator 203a for B are improved. 
40 . : However, when a wavelength bandjs limited, an 

tus of the present embodiment overcomes this problem 
by allowing light which exits from the light source 201 to 
, be first incident upon the dichroic mirror 202a which 
45 selectively reflects blue light. This is because, when 
light passes through a dichroic mirror, even light with a 
wavelength in a transmitting range is more or less 
absorbed. 

The incident wavelength bands of the optical modu- 
50 lators 203b and 203c for G and R were not particularly 
limited but set to be ordinary values (bandwidth: 0.1 
urn). However, in order to improve the extinction ratio, it 
is desirable that the. incWem wayel 
optical modulator for G is slightly limited to a range of, 
55 for example, 0.505 top.595 »im (bandwidtn: 0.09 jim). In 
this case, an optical power can be prevented from 
decreasing due to the band limit by disposing the dich- 
roic mirror 202b corresponding to green light at the sec- 
ond position. 
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As described above, in the display apparatus of the 
present embodiment, considering the modulation char- 
acteristics of each optical modulator, the dichroic mir- 
rors which selectively reflect each colored light beam 
and the optical modulators are disposed. 

Furthermore, in the present embodiment, the dis- 
play apparatus using the optical modulator having an 
output efficiency control device with a grating structure 
utilizing the diffraction of light has been described. How- 
ever, the present invention is not limited thereto. For 
example, an optical modulator as shown in Figure 35, in 
which movable mirrors 24 having a micro mirror struc- 
ture capable of being controlled by electrostatic force 
are arranged in an array, may be used. In this case, 
each movable mirror 24 controls outgoing light by utiliz- 
ing only the reflection of light, without utilizing the dif- 
fraction thereof. Thus, in the optical modulator using 
movable mirrors, the modulation characteristics do not 
depend upon the wavelength of incident light. As a 
result three optical modulators are not required to be 
designed so as to correspond to a wavelength range of 
each colored light beam, and the optical modulators 
having the identical specification can be used. 

As described above, in the optical modulator of the 
present invention, the output efficiency control device 
and the focusing means are used in combination, 
thereby an area of the output efficiency control device 
can be reduce. Therefore, an optical modulator can be 
realized, which has a high response speed, is capable 
of modulating incident light having a large beam diame- 
ter, and easily 1 produced. Furthermore, the use of this 
optical modulator enables a projection-type display 
apparatus with a large light utilization efficiency to be 
realized. 1 Ui 

(Embodiment 4) " ' c ■ \./ t "' : ^ 

Still another embodiment of the output efficiency 
control device of the present invention will be described 
by describing an infrared sensor to which the output effi- 
ciency control device *rs 

In Embodiments i to 3, the grating of the output effi- 
ciency control device is in the form of a rectangle. In 
Embodiment 4, a trapezoidal grating configuration is 
adopted. Hereinafter, Embodiment 4 will be described 
with reference to the drawings. 

Figures 12 and 13 are a perspective view showing 
a basic structure of an infrared sensor using an output 
efficiency control device of Embodiment 4 according to 
the present invention and a cross-sectional view 
thereof. An infrared sensor 100 of the present embodi- 
ment has an output efficiency control device 101, a 
pyro-electric element 103, and a lens 105. The output 
efficiency control device 101 and the pyro-electric ele- 
ment 103 are accommodated in a housing 111, as 
shown in Figure 13. The lens 105 is attached to an 
upper surface of the housing 111. The lens 105 is, for 
example, a diffraction-type lens with a square aperture 
made of silicon having a cross-section as shown in Fig- 



ure 13 and focuses light 107 which is incident upon the 
infrared sensor 100. The output efficiency control 
device 101 is disposed in the optical path of the light 
107 focused by the fens 105 so as to be tilted by an 

5 angle of 62 from a surface parallel to th surface to 
which the lens 105 is attached. The pyro-electric ele- 
ment 1 03 is disposed in such a manner that at feast part 
of light output from the output efficiency control device 
101 is incident upon the pyro-electric element 103. 

10 Figure 14 is a plan view of the lens 105 shown in 
Figures 12 and 13. As shown in Figure 14, in the infra- 
red sensor 1 00 of the present embodiment, the lens 1 05 
is a drffracti on-type lens which has an aperture in the 
form of, for example, a square and has, for exanple, a 

15 four-stepped cross-section. As shown in Figure 14, in 
the present embodiment, diffraction gratings are formed 
into four corners of the square, whereby an area of the 
aperture of the lens is increased and light utilization effi- 
ciency is improved. 

20 As shown in Figure 12, the pyro-electric element 
103 generally has a rectangular shape because of its 
readiness of production and cost efficiency. However, 
when incident fight is focused, for example, by an ordi- 
nary circular lens, a spot shape on the. pyro-electric ele- 

25 ment also has a circular shape. Figure 15 shows an 
example of a spot shape on the pyro-electric element 
1 03. Figure 1 5(a) shows the case where incident light is 
focused onto the pyro-electric element using a conven- 
tional circular lens. As is apparent from Figure 15(a), 

30 four borner portions of the pyro-electric element 
become a dead space where light is not incident so that 
the entire pyro-electric element cannot be effectively uti- 
ii2 ed/; 

Rgure 1 5(b) shows a spot shape in the case where 

35 the lens 105 is in the form of a rectangle as in Embodi- 
';; ment 4; A spot formed on the pyro-electric eiement 1 03 
becomes a rectangle whose size is smaller than that in 
the case of using a circular lens, as shown in Figure 
1 5(b), and a pyro-electric element having a smaller area 

40 can be used, resulting in a decrease in cost More spe- 
cifically, the pyro-electric element can be decreased in 
area by 25% by using a rectangular lens as a lens for 
focusing fight onto the pyro-electric element Simultane- 
ously, it becomes possible to allow light to be incident 

45 upon the entire pyro-electric element whereby the level 
of an output signal from the infrared sensor can be 
increased by 25% or more than a conventional value. 

When a lens having a rectangular aperture is used 
as in Embodiment 4, a spot shape of light which is inci- 

so dent upon the output efficiency control device 101 
becomes a trapezoid as shown in Rgure 12. In the 
present embodiment, for exanple, the size of the lens 
105 is o3 mm, the focal length thereof is 6 mm, and the 
tilt angle 62 is 45°, and the output efficiency control 

55 device 101 is disposed, for example, at a position in the 
middle between the lens 105 and the pyro-electric ele- 
ment 103. Thus, the spot shape is a trapezoid with a 
side (lower side) closer t the lens 105 of 2.0 mm, a side 
(upper side) farther from the lens 105 of 1.2 mm, and a 
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height (z-direction) of 2.3 mm. 

Figure 16(a) is a plan view of the output efficiency 
control device 101 of Embodiment 4, and Figure 16(b) 
is a cross-sectional view taken along a line B-B* in Fig- 
ure 16(a). 

A substrate 121 of the output efficiency control 
device 1 01 is obtained, for example, by thermally oxidiz- 
ing a Si wafer to form a thermal oxide film with a thick- 
ness of 0.1 urn, and depositing a silicon nitride fOm to a 
thickness of 0.2 urn by low-pressure chemical vapor 
deposition (hereinafter, referred to as LPCVD) to form 
an insulating layer. A spacer layer 123, for example, 
made of a silicon oxide film doped with a large amount 
of phosphorus is formed on the substrate 1 21 . An elas- 
tic layer 125 is formed on the spacer layer 123. In 
Embodiment 4, the elastic layer 1 25 was formed of a sil- 
icon^nrtride film with its residual stress reduced. Beams 
126. are formed by patterning the elastic layer 125 as 
shgpn. in Figure 16(b), and upper reflective films 127 
, ar^.termed on the beams 1 26. Lower reflective f flms 1 28 
are formed on the substrate 121 . These reflective fflms 
127 and 128 are composed of, for example, Au, having 
a thickness of 0.1 jxm. When focused infrared light 115 
is incident upon the output efficiency control device 101 
with such a structure, a spot 129 of incident light in the 
form of a trapezoid is formed on the output efficiency 
<x>ntrol device 101 as shown in Figure 16(a). 
:r ". ^As shown , in Figure 16(a), in . Embodiment 4, the 
. output efficiency control device 101 has a trapezoidal 
shape. This corresponds to the use of a rectangular 
lens which forms the light spot 129 in the form of a trap- 
ezoid as shown in Figure 16(a) on the oulput efficiency 
control device 101, as described above. In Embodiment 
4. as described above, the shape of the spot 1 29 has an 
upper side of 1.2 mm and a tower side of 2.0 mm Thus, 
^e width in the y-dra 

ing composed of beams parallel to each other as in a 
conventional output efficiency control device, the 
number of the beams in a spot varies in the vicinity of 
thejjpper side and lower side of the spot This results in 
^nunifbrmity of the diffraction at upper and lower posi- 
tions?^ "a result, a modulation efficiency decreases! In 
contrast with the output efficiency control device 101 of 
the present embodiment the number of the beams in 
the spot 1 29 is made constant by changing the period of 
the beams 1 26 forming a grating in accordance with the 
shape of the spot 129, whereby a uniform diffraction 
phenomenon is allowed to occur, preventing the diffrac- 
tion efficiency from decreasing. 

Next referring to Figure 17. an example of the 
steps of producing the output efficiency control device 
101 will be described. In Figure 17. the same compo- 
nents as those in Figure 16 are denoted by the same 
reference numerals as those therein! The description 
thereof will be omitted. 

First, a substrate 121 with an insulating film formed 
thereon is produced. As a substrate, for example, a sili- 
con substrate or the like is used, in th present embod- 
iment, a silicon substrate was used and was thermally 



oxidized to form an oxide fflm having a thickness of 0.1 
nm, and thereafter a silicon nitride film having a thick- 
ness of 0.5 mhi was deposited by LPCVD. 

Then, as shown in Figure 17(a), a spacer layer 123, 
5 for example, made of a silicon oxide film doped with a 
large amount of phosphorus is formed on the substrate 
121, for example, by LPCVD. The thickness of the 
spacer layer 123 is given as XI(4cosQ2) , where k is a 
wavelength of light which is incident upon an output eff i- 
io ciency control device. In the present embodiment, the 
wavelength X of incident light is prescribed to be 10 urn. 
62 denotes a tilt angle of the output efficiency control 
device 1 01 with respect to a surface parallel to a surface 
to which a lens is attached, i.e., an angle at which light 
is is incident upon the output efficiency control device. In 
the present embodiment 02 = 45°, as described above. 
Thus, in the present embodiment a silicon oxide film 
doped with a large amount of phosphorus was depos- 
ited to a thickness of 3.5 urn by LPCVD. 
20 Next as shown in Figure 1 7(b), an elastic layer 125 
having a thickness of JL/(4cos62) is formed on the 
spacer layer 123. In the present embodiment a silicon 
. nitride layer whose tensile stress remaining in the layer 
is reduced to, for example, 200 MPa or less by increas- 
es ing the ratio of the content of silicon was formed to a 
thickness of 3.5 urn tjy LPCVD. : ^ . ^ ^ 
r ! . t .Then] a resist s spin<6ated onto ihe elastic layer 
125, and the resist is exposed to light and developed, 
whereby a resist mask 131 is formed as shown in Figure 
30 17(c). Then, the elastic layer 125 is'patterned by dry 
etching to form beams 126 and openings^ 32. Thereaf- 
ter, the resist 131is removed, and the^spacer layer 123 
positioned in the openings 132 and under the beams 
126 is removed by isotropic wet etching using buffered 
hydrofluoric acid. Thus, as shown jn Figure 17(e). the 
beams 126 are floated. As a result, both ends of the 
beams 126 are supported on the spacer layer 123. 

Finally, a reflective film, for example, made of Au 
having a thickness of 0.1 urn is vapor-deposited on the 
resultant substrate, whereby upper reflective fflms 127 
and lower, reflective films 128 are formed as shown in 
Figure 17(f). A grating structure of the output efficiency 
control device is completed in the above-mentioned 
steps. 

The operation of the output efficiency control device 
constructed as described above will be described with 
reference to Figure 18. In Figure 18, the same compo- 
nents as those in Figure 17 are denoted by the same 
reference numerals as those therein. The description 
thereof will be omitted. 

The output efficiency control device 101 of Embod- 
iment 4 is operated by turning on/off a voltage applied 
between the upper reflective fflms 127 and the substrate. 
121. Figure 18(a) shows a state where a voltage is not 
applied between the upper reflective fflms 127 and the 
substrate 121. and the beams 126 are floated and an air 
layer 137 is formed between the beams 126 and the 
substrate 121. At this time, the difference in step 
between the surfaces of the upper reflective films 127 
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and the surfaces of the lower reflective films 128 is set 
to be a value represented by X/(2cos02) . for example, 
assuming that an incident angle at which light 135 to be 
modulated is incident upon the output efficiency control 
device 101 is 02 (see Figure 13) and a wavelength of 5 
the light 135 is X. 

For example, in Embodiment 4,92 = 45°andA. = 10 
lim, so that the value is 7.0 *im. At this time, the differ- 
ence in phase between light reflected from the upper 
reflective films 127 and light reflected from the lower 10 
reflective films 128 becomes 2k in round travel, which 
corresponds to one wavelength, thereby the phases are 
matched. Thus, the output efficiency control device 101 
functions as an ordinary mirror, and the incident light 
135 becomes zero-th order diffracted light 136 and is is 
reflected to an incident side. 

Next as shown in Figure 18(b), when a voltage is 
applied between the upper reflective films 127 and the 
substrate 121, the upper reflective films 127 which are 
upper electrodes and the substrate 1 21 which is a lower 20 
electrode forms a capacitor interposing the air layer 1 37 
and an insulating layer (not shown) formed on the sur- 
face of the substrate 121 . The upper reflective films 1 27 
are, for example, positively charged and the substrate 
121 is, for example, negatively charged. Electrostatic 25 
attracting force is affected between the charges, so that 
the beams 126 are attracted to the substrate 121 side 
until it comes into contact with the surface of the sub-" 
strate 121, as shown in Figure 18(b). At this time, the *' 
difference in step between the surfaces of the upper 30 
reflective films 127 and the surfaces of the lower reflec- 
tive films 128 is set to be a value given V(4cos02) , 
e.g., 35 pin in Errtobdiment 4. Thusi trie difference in' " 
phase between Gght reflected from the surfaces of the 
upper reflective films 127 and light reflected from the 35 
surfaces of the tower reflective films 128 becomes n in' 
round travel which corresponds to a half of a wave- 
length. Therefore, these tight beams disapear. As a 
result zero-th order diffracted light is eliminated, and 
diffracted Bght other than zero-order diffracted Gght is 40 
output For example, as shewn in Rgure 18(b), when a 
voltage is applied between the upp^refl^diviB films 127 " , 
and the substrate 121, ±1st order diffracted light 138a 
and 138b are generated at a diffraction efficiency of 
41%, respectively. 45 

Actually, in the vicinity of portions (C portion and D 
portion in Figure 16(a)) at both ends of each beam 126 
supported on the spacer layer 123, the beams 126 are 
not completely attracted to the substrate 121. There- 
fore, as shown in Rgure 1 6(a), the beams 1 26 are made so 
longer than the spot 1 29 of incident light in a longitudinal 
direction, thereby light is prevented from entering these 
\ incomplete operation portions so as to prevent the mod- 
ulation ratio from decreasing. 

According to the above-mentioned operation, in the ss 
output efficiency control device 101 of Embodiment 4, it 
is possible to modulate the intensity of zero-th order dif- 
fracted light by turning on/off an applied voltage. 

Next, the configuration of a grating portion of the 



output efficiency control device 1 01 in Embodiment 4, in 
particular, the setting of a period of the grating will be 
described. In the infrared sensor 100 of Embodiment 4, 
focused light is incident upon the output efficiency con- 
trol device 101, in place of collimated light Therefore, 
the inventors of the present invention found the follow- 
ing: almost 100% zero-th order diffraction efficiency is 
obtained at the center in the y-direction in the grating 
portion of the output efficiency control device 101 (when 
a voltage is not applied); however, an incident angle is 
tilted as shown by an angle p in Figure 16(b) on the 
. periphery in the y-direction, so that the diffraction effi- 
ciency gradually decreases. For the same reason, when 
a voltage is applied, the zero-th order diffraction effi- 
ciency increases from 0% on the periphery of the grat- 
ing, and the modulation effedency of the light amount 
decreases as a whole. However, the inventors of the 
present invention found the following: when a period A 
of the grating is 7 times or more the wavelength X of the 
incident light (A/X 2 7); trie decrease in diffraction effi- 
ciency is small even in the case where light is obliquely 
incident, and the incident fight as focused light causes 
no problem in the infrared sensor 100. Therefore, in 
Embodiment 4, the minimum period A in the C portion of 
Figure 1 6(a) is set to be, for example, 70 pm 

Furthermore, as described above, in Embodiment 
4, the period A of the grating is changed in accordance 
with the shape of the spot of incident light. More specif- 
ically, assuming that the focal length of , the lens 105 is f 
and the length of one side; of the square lens 105 is L, 
the period A of the grating in the D portion in Figure 
16(a) t ^ is . prescribed r 4 ;to ; _be . at least 
(2f + Ltan62)/(2f - Ltan62) times the period A in the C 
portion. For example, in Embodiment 4, since f = 6 mm, 
L =3 mm. and 62 = 45°, the period A of the grating in the 
D portion is prescribed to fee: 1 17 jim or more which is 
1 .67 times the period A in the C portion. 

As described above, according to the structure of 
the output efficiency control device 101, diffraction was 
performed unrformiy at any portion of the grating with 
respect fo ia light spot in the form of a trapezoid, and 
high modulation efficiency was able to.be obtained 

In the conventional output efficiency control device 
shown in Figures 32 and 33, the difference in step 
between the surfaces of the upper reflective films and 
the surfaces of the tower reflective films is changed from 
1/2 of a used wavelength to 1/4 thereof, and the incident * 
angle is prescribed to be 0°, i.e., light is made to be ver- 
tically incident whereby incident light is modulated. 
However, in such a structure, since light was made to be 
vertically incident upon the output efficiency control 
device, it was difficult to separate zero-th order dif- 
fracted light from the incident light arid therefore dif- 
fracted light other than zero-th order diffracted light was 
utilized. as outgoing light Thus, the fight utilization effi- 
ciency was extremely low. In the above-menti ned con- 
ventional output efficiency control device, the inventors 
of the present invention found the following: when light 
is made to be obliquely incident upon the output effi- 
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ciency control device by tilting the output efficiency con- 
trol device in order to utilize zero-th order diffracted light, 
the difference in phase at a time of driving does not 
become an appropriate value, so that the modulation 
efficiency decreases. 

In contrast in the output efficiency control device of 
Embodiment 4, the difference in step between the upper 
reflective films 127 and the lower reflective films 128 is 
set to be AV(2cos62) and X/(4cos62) , respectively, in 
accordance with the value of incident angle 92. 
Because of this, zero-th order diffracted light becomes 
capable of being easily separated without decreasing 
the modulation efficiency. 

As described above, in the output efficiency control 
device of the present embodiment a uniform diffraction 
effect can be obtained in the grating portion, and modu- 
lation characteristics do not degrade partially. The con- 
figuration of the grating (the difference in step between 
the Ripper reflective films and the lower reflective fflms, 
the 'period of beams, etc.) is designed in accordance 
with the conditions under which light is incident upon the 
output efficiency control device, i.e., an incident angle, 
the shape of a spot which the incident light forms on the 
grating, and the like, whereby light is allowed to be inci- 
dent upon the output efficiency control device obliquely, 
not vertically. As a result zero-th order diffracted light 
can be easily obtained ' as outgoing light without 
"decreasing the modulation efficiency. Thus, a miniatur- 
ized infrared sensor with high light utilization efficiency 
and high sensitivity can be provided by using the output 
efficiency control device. 

where a 

lens for focusing incident light onto the output efficiency 
control device has a rectangular aperture, and the con- 
figuration of the grating is designed to be a trapezoid in 
aaxxdarice with ihei shape of a spot of light to be 
focused is described. However, the shape of the lens 
and the configuration of the grating are not limited 
thereto. Even when a lens has an aperture having 
another shape in which the number of beams in a spot 
of in^entjight on the output (efficiency axitrol device is 
diffefeht no problem is causkl by setting the configura- 
tion of the grating in accordance with the shape of the 
spoipFurthermore, the period of the grating is not partic- 
ularly required to change in its longitudinal direction 
according to a linear function. A function representing 
an appropriate configuration in accordance with the 
shape of a spot of incident fight on the output efficiency 
control device should be appropriately selected. 

(Embodiment 5) 

~ Next a display apparatus of Embodiment 5 accord- 
ing to the present invention will be described. The dis- 
play apparatus of the present embodiment has a similar 
structure to that of the display apparatus described in 
Embodiment 3, except that the structure of an optical 
mbdiilator is different Therefore, the description of a 
schematic structure of the display apparatus will be 



omitted. 

Figures 19(a) and (b) are a top perspective view 
and a cross-sectional view of an optical modulator in the 
display apparatus of the present embodiment Figure 20 

s shows a state where a driving circuit for driving output 
efficiency control devices is connected to the optical 
modulator in the present embodiment, and Figure 21 
schematically shows the configuration of a grating of the 
output efficiency control device of the present embodi- 

10 ment. 

As shown in Figures 19(a) and (b), the optical mod- 
ulator includes rectangular diffraction-type lenses 105' 
as a plurality of focusing means arranged in an array 
and a plurality of output efficiency control devices 101' 

is arranged in an array at the same arrangement interval 
(period) as that of the diffraction-type lenses 105'. The 
array of the diffraction-type, lenses 105' is formed on the 
upper surface of a transparent substrate 121a, as 
shown in Figure 19(b), and the array of the output effi- 

20 ciency control devices 101 ' is formed on the lower sur- 
face of the transparent substrate 121a, i.e., a surface 
opposing the surface where the cfiffraction-type lens 
array is formed. In the present embodiment diffraction- 
type lenses (one side: 40 jxm) each having a square 

25 aperture and a four-stepped cross-section are formed in 
an array at a period of 40 urn on the upper surface of a 
s glass substrate haying a thickness of 2 mmj and the out- 
put efficiency control devices 1 01 ' (size: 20 urn x 20 urn) 
are formed on the lower surface at a period of 40 ^m. 

30 Furthermore, in the' present embbcfiment diffraction 
gratings are formed into four corners of.a square in the 
same way as in Embodiment 4, whereby an area of a 
lens aperture portion is increased and light utilization 
efficiency is inprpved. 

35 " FurtheriTHDre^ 

105" and the array "'of the output 'efficiency control 
devices 1 01* are disposed so as to be shifted from each 
other by a half of the arrangement interval in a direction 
(xnjirection in Embodiment 5) in which jnddent light is 

40 tilted with respect to optical axes of the diffraction-type 
lenses 1 05'. In other words, each of the output effi- 
ciency control devices 101' is disposed right below the 
middle point of a straight line connecting the centers of 
two diffraction-type lenses 105' adjacent to each other 

45 in the x<iirection. Thus, in the present embodiment in 
the same way as in Embodiment 3, the diffraction-type 
lens 1 05* for focusing incident light 136 onto one output 
efficiency control device 101' also functions as second 
focusing means for collimating outgoing light 136 from 

so another output efficiency control device 1 01 ' adjacent in 
the x^direction and outputting it The rectangular diffrac- 
tion-type lenses 105' are mass-produced, for example, 
by repeat photolithography, and eteWn^djeposrtion of 
thin films. 

55 Unlike Embodiment 3, the use of the array of the 
rectangular lenses 105' makes it unnecessary to pro- 
vide a light-absorbing member on the surface of the 
substrate 121a on which the lenses 105* are provided. 
For example, in the case where circular mircolenses 
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formed on the substrate are used as focusing means as 
in Embodiment 3, it is preferable that a light-absorbing 
member is provided on the periphery of the lenses so as 
not to allow light to be incident upon the periphery of the 
lenses where the characteristics are likely to degrade 5 
due to the surface tension with respect to the substrate. 
However, since the diffraction-type lenses are used in 
the present embodiment, it is not required to provide a 
light-absorbing member. 

As described above, in the present embodiment 10 
the rectangular diffraction-type lenses 105* are used as 
focusing means for focusing incident light onto the out- 
put efficiency control devices 1 01 '. Therefore, the shape 
of a light spot formed on the output efficiency control 
device 101' becomes a trapezoid, and in the case of 15 
using the output efficiency control device Whose grating 
period is constant as in the above-mentioned Embodi- 
ment 3, a uniform diffraction effect cannot be obtained. 
Thus, in the present embodiment, the grating period of 
' the output efficiency control device 101* is changed in 20 
accordance with the spot shape of incident light 
whereby the configuration of the grating is made a trap- 
ezoid as shown in Figure 21 . 

A plane configuration of the grating is designed as 
described in the above-mentioned Embodiment 4. For 25 
example, the lengths of beams are prescribed in such a 
manner that fight is not incident upon portions in the 
vicinity of both ends of the beams where the beams are 
not completely attracted to the substrate side. Because 
of this, the decrease in modulation ratio caused by light 30 
which is incident upon incomplete operation portions of 
the output efficiency control devices 101* can be pre- 
vented. A period A of the grating is designed so as to be 
7 times br more a wavelength X of incident fight (A/X £ 
7). Furthermore, assuming that the diffraction-type lens 35 
105* is a square lens with one sidefength of L and its 
focal lengtrfjsl the grating period is set in such a man- 
ner that the grating period at a position corresponding to 
a lower side of a trapezoid of a spot of incident fight 
becomes at least (2f + Uan02)/(2f - Ltan62) times or 40 
more a period at a position corresponding to an upper 
side of the trapezoid. By designing the plane configura- 
tion of the grating as described above, diffraction is uni- 
formly conducted at any portion of the grating and high 
modulation efficiency can be obtained even in the case 45 
of using a lens forming a trapezoidal spot as focusing 
means. 

The output efficiency control device 101' used in 
the present embodiment has the same structure as that 
of the output efficiency control devices in Embodiments so 
1 and 3, except for the plane configuration of a grating. 
Thus, the output efficiency control device 10V is pro- 
duced in almost the same production steps as those 
descrfced in Embodiment 1 . 

In the present embodiment a driving circuit for driv- ss 
ing the output efficiency control devices 10T is also 
composed of a specifically designed IC 112. Therefore, 
the output efficiency control device array can be easily 
connected to the driving circuit The driving circuit IC 



112 is connected to electrode portions 101 'a of the 
respective output efficiency control devices 101* 
through solder bumps 113 as shown in Figure 20. Such 
a structure enables a stable device of a compact size to 
be obtained. 

Furthermore, in such a structure, both the transpar- 
ent substrate 1 and the diffraction-type lens array dis- 
posed on the upper surface side of the output efficiency 
control devices 101' transmit light. Therefore, even if 
some solder bumps 1 1 3 are not satisfactorily connected 
to the output efficiency control devices 1 01 \ they can be 
easily repaired. More specifically, laser light from YAG 
laser, C0 2 laser, etc. is irradiated to the unsatisfactorily 
connected electrode portions from the upper surface of 
the unsatisfactorily connected output efficiency control 
devices 101*. whereby the electrode portions are 
annealed to be connected to the solder bumps 113. 

In the display apparatus of the present embodi- 
ment the rectangular diffraction-type lenses 105' focus 
light onto the output efficiency control devices 10V. 
Thus, the size of the output efficiency control devices 
1 01 * can be made smaller than those of a beam diame- 
ter and the diffraction-type lenses 105\ As a result on 
the periphery of each output efficiency control device 
101', wiring (including the electrode portions 101'a) 
required for driving the output efficiency control devices 
1 01 ' can be routed and a control circuit can be formed, 
thereby dead space can be reduced. Thus, the aperture 
ratio and light utilization efficiency can be substantially 
improved. ■ 7.;<7r ...-7- 

Furthermore, in the present embodiment the plane 
configuration of a grating portion of the output efficiency 
control devices 101 '.'.is a trapezoid. Therefore, com- 
pared with the case where a grating configuration in 
which beams are parallel to each other is adopted, dead 
space can be reduced and it is more effective to 
improve the aperture ratio and light utilization efficiency. 

(Embodiment 6) 

Referring to ..Figure ^22, 7an infrared sensor of 
Embodiment 6 according to the present invention will be 
described. ^ 

The infrared sensor of Embodiment 6 is different 
from that of Embodiment 4 only in the structure of an 
output efficiency control device. Therefore, in the follow- 
ing description, the description of a schematic structure 
of the infrared sensor will be omitted and only the output 
efficiency control device will be described. 

Figure 22 is a view showing a structure of an output 
efficiency control device of Embodiment 6: (a) is a plan 
view and (b) is a cross-sectional view taken along a line 
E-E'in(a). ■; i . iff 

As shown in Figure 22(b), an output efficiency con- 
trol device 190 of Embodiment 6 has a substrate 192, 
and a reflection-type grating is formed thereon. The 
substrate 192 is produced, for example, by thermally 
oxidizing a Si substrate to form a thermal oxide film with 
a thickness of 0.1 urn, depositing a silicon nitride film to 
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a thickness of 0.2 um by LPCVD. and forming an insu- 
lating layer. A spacer layer 193. for example, made of a 
silicon oxide film doped with a large amount of phospho- 
rus is formed on the substrate 192. An elastic layer 194 
and beams 195 formed by patterning the elastic layer 5 
194 to a predetermined shape are provided on the 
spacer layer 193. The elastic layer 194 is. for example, 
made of a silicon nitride fflm with its residual force 
reduced. Upper reflective films 196 are formed on the 
beams 1 95. Furthermore, lower reflective films 1 97 are 10 
formed on the substrate 192 through openings 199 
which are simultaneously formed with the beams 195. 
The reflective films 1 96 and 1 97 are. for example, made 
of Au having a thickness of 0.1 urn. 

In the output efficiency control device 1 90 with such is 
a structure, incident focused infrared light 191 forms a 
spot 198 having a shape as shown in Figure 22(a). 

*jAs Is understood from Figure 22(a), the output effi- 
ciency control device 190 of Embodiment 6 is different 
from the butput;effidency control device of Embodiment 20 
4 shown in Figure 1 6 in the plane configuration of a grat- 
ing formed by the beams 195 and the openings 199. 
The output efficiency control device 1 90 of Embodiment 
6 is characterized in that the period of the grating is 
made larger in the longitudinal direction of the beams 25 
and the lengths of all the beams 195 are made equal. 
Figure 22 sri^ case where ? both ends of the *\ 
beams 195 are ^fxisifi^ecl oriyciraun^re^M centered \ 
on the identical point as an exarnple of the output effi- 
ciency control device 190. 30 

In the bulput efficiency control device of Embodi- 
ment 4; las |s ur^ the lengths ; 
of the beams' are ^ riot^equal. Therefore, the beams are 
attracted in decrea^rig order of length under the appli- 
cation of a voltage, and the beams return to an original 35 
position in irw^ when a voltage is ' 
turned off. As a result the transition times, i.e., the rise 
and fell times of on/off of light become longer, so that 
the driving frequency cannot be made high. For exam- 
ple, in the case where a high precision measurement is ao 
condbtfed wffiirra short period of time by using an \ 
infi^ki;^ output efficiency control 
device, it is required to drive the output efficiency control 
device at a high-speed. However, in the output efficiency 
control device of Embodiment 4. the limit of a high- as 
speed operation limits the precision of the infrared sen- 
sor. 

In contrast, in the output efficiency control device 
190 of Embodiment 6. the lengths of all the beams 1 95 
are equal, so that the beams completely simultaneously so 
operate when a voltage is turned on/off. This allows an 
operation of on/off of light to be performed within a very 
short period of time v As a result, the output efficiency 
control device can be driven at a high frequency, and 
the infrared sensor using the output efficiency control 55 ! 
device 190 of Embodiment 6 makes it possible to con- 
duct a detectron at a high prec^bn. 

In Embodiment 6, for example, the case where both 
ends of the beams 195 of the output efficiency control 



device 190 are positioned on circumferences centered 
on the identical point. However, both ends may be on 
any curve as long as the lengths of the beams 195 are 
equal. For example, by disposing the center in the width 
direction of the respective beams 195 on either end on 
one straight line, the size of the output efficiency control 
device capable of modulating a light spot of the same 
size can be decreased. 

In Embodiment 6, as an example of the infrared 
sensor, the output efficiency control device in which the 
lengths of all the beams forming the grating are the 
same has been described. However, the present inven- 
tion is not limited thereto. It is appreciated that, for 
example, even in the case where the lengths of all the 
beams forming the grating are the same in the output 
efficiency control device of the optical modulator of the 
display apparatus as described in the above-mentioned 
Embocfiment 5, the same effect can be obtained. 

(Embodiment 7) 

An infrared sensor of Embodiment 7 of the present 
invention will be described with reference to Figures 23 
through 25. The infrared sensor of Embodiment 7 is dif- 
ferent from that of Embodiment 4 only in the structure of 
an output efficiency control device. -Therefore, the 
1: description of a schematic ; structure of the irfrared sen- 
sor will be omitted, and only the structure of the output 
efficiency control device will be described, 

Figure 23(a) is a view showing a structure of an out- 
put ^idency control device 200 of Embodiment 7: (a) is 
a plan view ancl (b) is a abss-section^ ^wtaken along 
a line F-F in (a). As shown in Figure 23(b), the output 
effidency control device 200 of Embocfiment 7 has a 
. substrate 221 , and a reflection-type grating is formed 
thereoa The substrate 221 is produced, for example, by 
thermally oxidizing a Si substrate to form a thermal 
oxide film with a thickness of 0.1 um and depositing a 
silicon nftride film to a thickness of 0.2 um by LPCVD, 
thereby forming an insulating layer. First posts 222 are 
provided on the substrate 221. The first posts 222 are 
formed, tor example, by depositing polycrystalline sili- 
con by LPCVD and patterning it. A spacer layer 223, for 
example, made of a silicon oxide film doped with a large 
amount of phosphorus is provided on the periphery of 
the substrate 221. 

Furthermore, the output effidency control device 
200 has an elastic layer 224, and second posts 225 and 
beams 226 formed by patterning the elastic layer 224 to 
a predetermined shape. The second posts 225 are pro- 
vided on the first posts 222. In Embodiment 7, the elas- 
tic layer 224 is composed of a silicon nitride film with its 
residual force reduced. Reflective films 227 are formed 
on the second posts 225, and reflective films 228 are 
formed on ; the beams 226. These reflective films 227 
and 228 are, for example, made of Au, having a thick- 
ness of 0.1 um. 

Next, referring to Figure 24, an example of the 
steps of producing the output effidency control device 
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200 of Embodiment 7 will be described. In Figure 24, 
the same components as those in Figure 23 are 
denoted by the same reference numerals as those 
therein. The description thereof will be omitted. Herein- 
after, referring to Figure 24, the production steps will be 
described in an orderly fashion. 

First, a silicon substrate is, for example, thermally 
oxidized to form an oxide film having a thickness of 0.1 
lim, a silicon nitride film is deposited to a thickness of 
0.5 urn, for example, by LPCVD to form an insulating 
layer, whereby a substrate 221 is produced. Then, for 
example, polycrystalline silicon is deposited, for exam- 
ple, by LPCVD, on the substrate 221 and patterned, for 
example, by dry etching, whereby first posts 222 are 
formed as shown in Figure 24(a). 

For example, a silicon oxide film doped with a large 
amount of phosphorus is deposited on the resultant 
substrate 221, for example, by LPCVD, and a spacer 
layer 223 is formed as shown in Figure 24(b). Thereaf- 
ter, the spacer layer 223 is etched over the entire sur- 
face of the substrate 221 by dry etching, whereby the 
surface is made flat as shown in Figure 24(c). The thick- 
ness of the first posts 222 and that of the spacer layer 
223 are prescribed to be X7(4cos62) , e.g., 3.5 jim in 
Embodiment 7. 

Then, a silicon nitride film in which tensile stress 
remaining in the film is reduced to, for example, 200 
MPa or less by increasing the content ratio of silicon is 
formed, for example, by LPCVD, whereby an elastic 
layer 224 is formed. Although the thickness of the elas- 
tic layer 224 is arbitrary, H is prescribed to be 2 urn in 
Embodiment 7. Furthermore, as shown in Figure 24(d), 
the elastic layer 224 is patterned to form second posts 
225 and beams 226. 

Next, the spacer layer 223 is wet-etched from gaps 
between the second posts 225 and the beams 226, for 
example, with buffered hydrofluoric acid, and the spacer 
layer 223 under the beams 226 is removed, whereby the 
beams supported at both ends are formed. Thereafter, 
a reflective film made of Au, having a thickness of 0.1 
^m is formed by vapor deposition, whereby reflective 
films 227 and 228 are formed An output efficiency con- 
trol device 200 having a structure as shown in Figure 23 
is completed in the above-mentioned steps. 

The operation of the output efficiency control device 
200 constructed as descrfoed above will be described 
with reference to Figure 25. In Figure 25, the same com- 
ponents as those in Figures 23 and 24 are denoted by 
the same reference numerals as those therein. The 
description thereof will be omitted. 

Trie output efficiency control device 200 of Embod- 
iment 7 is operated in accordance with the same princi- 
ple as that of the output efficiency control device of 
Embodiment 4 by turning on/off a voltage applied 
between the reflective films 228 as upper electrodes 
and the substrate 221 as a lower electrode. Figure 25(a) 
shows a state where a voltage is not applied. At this 
time, the beams 226 are floated, and the reflective films 
•227 and 228 are on the identical plane. Therefore, the 



output efficiency control device 200 functions as an 
ordinary mirror, and incident light 231 becomes 
reflected light 232 and is reflected to an incident side. 
Next, when a voltage is applied between the upper 

5 electrodes 228 and the lower electrode 221 . the beams 
226 are attracted to the surface of the substrate 221 by 
electrostatic attracting force until it comes into contact 
with the surface of the substrate 221, as shown in Fig- 
ure 25(b), in accordance with the principle described in 

w Embodiment 4. At this time, the difference in step 
between the surfaces of the reflective films 227 and the 
surfaces of the reflective films 228 is set to be a value 
given by AV(4cose2) . In Embodiment 7, it is prescribed 
to be 3.5 *im. X is a wavelength of the incident light 231 , 

75 and 62 is an incident angle of the incident light 231 inci- 
dent upon the output efficiency control device 200. At 
this time, the difference in phase between light reflected 
from the surfaces of the reflective films 227 and light 
" reflected from the surfaces of the reflective films 228 

20 becomes n in round travel which corresponds to a half 
of a wavelength. As a result, reflected fight is eliminated, 
. and diffracted fight other than zero-th order diffracted 
fight is output. For example, at this time ±1st order dif- 
fracted light 233a and 233b as shown in Figure 25(b) is 

25 generated at diffraction efficiency of 41%, respectively. 
According to the above operation, in the output effi- 
ciency control device 200 of Embodiment 7, the inten- 
sity of reflected light can be modulated by turning on/off 
/ an applied voltage. "'' 

' 30 ' In the output efficiency control device of the above- 
mentioned Embodiment 4, light is modulated by a dif- 
fraction phenomenon both under the application of a 
voltage and under no plication of a voltage. There- 
fore, diffraction efficiency decreases, for example, in the 

35 case where a wavelength band of fight to be modulated 
" is large. However, in the output efficiency control devic 
200 of Embodiment 7, modulation is conducted by a dif- 
fraction phenomenon in the same way as in Embodi- 
ment 4 under the application of a voltage; however, 

40 almost 100% light reflected from a mirror surface is out- 
put under no application of a" voltage/ Therefore, the 
modulation ratio c^fe^ Further- 
more, according to the structure of Embodiment 7, the 
thickness of the elastic layer "224 can be arbitrarily 

45 selected, so that this thickness can be prescribed to be 
thin. As a result, the distance between the reflective 
fims 228 which function as upper electrodes and the 
substrate 221 which functions as a lower electrode can 
be decreased, and energy required for deforming the 

so beams 226 becomes smaller, so that a driving voltage 
can be decreased. 

As described above, in the output efficiency control 
device of Embodiment 7, light is output as reflected light 
from i mirror surface, hot zerb-th order diffracted light 

55 under no application of a voltage, whereby a high mod- 
ulation ratio can be obtained even for incident light hav- 
ing a large wavelength band Furthermore, the 
thickness of the elastic layer can be made thin, so that 
the device can be driven at a low voltage. 
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Herein, the output efficiency control device of the 
present embodiment is described by exemplifying an 
infrared sensor. However, the output efficiency control 
device of the present embodiment is not limited to an 
infrared sensor. For example, as described in Embodi- 5 
ments 3 and 5, the output efficiency control device of 
the present embodiment is applicable to an optical mod- 
ulator of a display apparatus. 



(Embodiment 8) 



w 



Referring to Figure 26. an infrared sensor of 
Embodiment 8 will be described. According to Embodi- 
ment 8, an infrared sensor is provided, in which an out- 
put efficiency control device can be decreased in size, a is 
pyro-electric element is not influenced even when an 
electromagnetic noise generated from the output effi- 
ciency control device becomes, substantially large, and 
wfiYch hardly varies even when the distance between 
thVSensbr and a light source (heat source) is relatively 20 
short and is capable of obtaining a high signal level in 
the case where a light source is relatively small. 

: Figure 26 is a view.showing a structure of an infra- 
red sensor 300 of Embodiment 8: (a) is a side view of 
the infrared sensor 300 and (b) is a view seen in a -x 2s 
direction from a plane which is parallel to a y-z plane 
^ includes a line G-G f " * - ■ 1 
" ' As shewn in Figures 26(a) and (b), the infrared sen- 
sor 300 has an .output eff iciency control device 342, a 
, pyro-electric element $43, a (ens 344, and a spacer 345 30 
which are accommodated in a housing 346. As shown 
in . Figure 26(a),:tbe ^sacer 345 determines an incident . . v , 
angle 62 w^Mighft'_frpm'.a point. heat source (light 
source) 341 is incident upon the output efficiency con- 
trol device The housing 346 has an entrance win- _r35 . 
dpw 347 bn ite ji4^^ff^.ne entrant window 347 ! 
is obtained/for example, by forming a band-pass wave- 
length filter on a silicon substrate. 

The difference between the infrared sensor 300 of 
Embodiment 8 and that of Embodiment 4 lies in that the 40 
ou^ut ■ effidepcy^c^ disposed 
beti^j&en the light source 341 and the fens 344. In this 
arrangement the lens 344 can be provided with an 
effe& as' an electromagnetic shield, for example, by 
forming the lens 344 of a conductive material. There- 45 . 
fore, particularly in the case where beams become 
shorter with the miniaturization of the output efficiency 
control device 342 and a driving voltage for deforming 
the beams becomes high, resulting in generation of an 
electromagnetic noise or the like, the pyro-electric ele- so 
ment 343 can be prevented from being influenced by 
the electromagnetic noise. In this case, the lens 344 can 
be composed of Si. Ge, GaAs, InP, GaP.ZnSe. ZnS, or 
the like. Furthermore, trie lens 344 may have a surface * 
relief structure in accordance with the phase modulation 55 
amount of the lens. " J ~ • 

The lens 344 is designed so/that the light source 
341 is positioned at a distance d from the entrance win- 
dow 347, as shown in Figure 26(a), not at an infinite dis- 



tance therefrom. According to this design of the lens 
344, the ratio of light which is focused onto the pyro- 
electric element 343 among light radiated from the light 
source 341, the light utilization efficiency, and the level 
of a signal output from the pyro-electric element 343 are 
increased. The pyro-electric element 343 is disposed at 
a position which is shifted in an x-axis direction by Af 
from the position on which incident light is focused by 
the lens 344 as shown in Figure 26(a). Thus, light is 
made to be uniformly incident upon the pyro-electric 
element 343, thereby preventing light from being exces- 
sively focused in order not to irradiate only a partial 
region of the pyro-electric element 343 with strong light 
energy density. Also, the output of a signal from the 
pyro-electric element 343 can be . prevented from 
decreasing. 

Furthermore, in Embodiment 8, the lens 344 has a 
rectangular shape so that light is incident upon the 
entire surface of the pyro-electric element 343 for the 
same reason as that of Embodiment 4. Therefore, the 
shape of a spot of light on the output efficiency control 
device 342 has a direction opposite to that of the spot 
shape formed on the output efficiency control device of 
Embodiment 4, i.e., the shape of a spot becomes a trap- 
ezoid which is narrow on a +z side. Therefore, the grat- 

... ing configuration of the output efficiency control device 
342 has a trapezoidal shape which is narrow on a +z 

. side as shown in Figure 26(b) for the same reason as 
that of -Embodiment 4. Thus, light irradiated onto the 
output efficiency control device 342 can be uniformly 
diffracted. 

The infrared sensor 300 in which eadi component 
is arranged as described above is operated in almost 
the same way as in the infrared sensor of Embodiment 
4. A/lore specifically, the output.effidenc^ ppntrol device 
342 is driven by turning on/off a voltage applied to the 
upper and lower electrodes of the output efficiency con- 
trol device 342, whereby the incidence or non-incidence 
of light to the pyro-electric element 343 is switched. This 
allows chopping of light to be achieved, and a signal is 
output from the pyro-electric element 343, thereby it 
becomes possfole to know the presence of the light 
source 341, the intensity of light therefrom, and the like. 

In Embodiment 8, in the case where electromag- 
netic noise generated from the output efficiency control 
device 300 is substantially large and in the case where 
the position of the light source with respect to the infra- 
red sensor 300 is relatively constant and in particular, 
the size of the light source is small, the light utilization 
efficiency is high. Therefore, an infrared sensor with a 
very high sensitivity can be provided. 

(Embodiment 9) 

. Referring to Figures 27 through 29, the case where 
the output efficiency control device of Embodiment 9 of 
r the present invention is used as an infrared sensor will 
be exemplified. The output efficiency control device of 
Embodiment 9 becomes capable of two-dimensionally 
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measuring the intensity of infrared light, for example, in 
the case where it is used as an infrared sensor. In the 
past, in order to two-dimensionaliy measure the inten- 
sity of infrared light, for example, pyro-electric bodies 
are arranged in a two-dimensional array, and a two- 
dimensional intensity distribution is obtained from the 
output information of the respective pyro-electric bod- 
ies. However, according to such a method, a number of 
pyro-electric bodies are required, greatly increasing the 
price. 

Figure 27 is a view showing a structure of an infra- 
red sensor 400 of Embodiment 9. As shown in Figure 
27, the infrared sensor 400 includes an output efficiency 
control device array 453. a lens 452 for focusing incident 
light 451 onto the output efficiency control device array 
453, and a pyro-electric element 454 receiving light 
from the output efficiency control device array 453, and 
a spacer 455 determining an angle 02 at which the inci- 
dent light 451 is incident upon the output efficiency con- 
trol device array 453. The infrared sensor 400 of 
Embodiment 9 is different from that of Embodiment 4 
oniy in that the output efficiency control device array 453 
is used in place of one output efficiency control device. 
Therefore, only this point will be described. 

Figure 28 is a view showing a structure of the out- 
put efficiency control device array 453: (a) is a plan 
view, (b) is a cross-sectional view taken along a line H- 
H* iri'(a). and (c) is a df(^-6ectibna! view taken along a 
line l-P in (a). As Js understood from Figures 28(a) 
through (c), the output efficiency control device array 
453 of Embodiment 9 basically has a structure in which 
the output efficiency control devices of Embodiment 4 
are arranged in ah array:' / • • 

As shown in Figures 28(b) and (c), the output effi- 
ciency control device array 453 has a substrate 461 on 
which an array of gratingsts provided. In Embodiment^ 
a silicon substrate on which wiring (not shown) or the 
like for applying a voltage is formed is used as the sub- 
strate 461 . A spacer layer 463, for example, made of a 
silicon oxide film doped with a large amount of phospho- 
rus is formed on the periphery of the substrate 461 . Fur- 
thermore, an elastic layer 464, for example," made of a 
silicon nitride film with its residual stress reduced to, for 
example, 200 MPa or less of tensile stress is provided 
on the spacer layer 463. 

Upper reflective films 466 and lower reflective films 
467 are formed, for example, by vapor-depositing Au to 
a thickness of 0. 1 am. Lower electrodes 468 are formed 
on the substrate 461 , as shown in Figures 28(b) and (c). 
The lower electrodes 468 are obtained, for example, by 
depositing a polysilicon film, whose sheet resistance is 
reduced to, for example, 20 CI • cm. by being doped with 
a large amount of phosphorus, to a thickness of 0.5 jim 
on the substrate 461 by LPCVD. Mowed by patterning. 
The lower electrodes 468 are connected to the above- 
mentioned wiring (not shown) for a voltage application 
on the substrate 461 so that a voltage is applied to the 
lower electrodes individually. The upper reflective films 
466 which also function as upper electrodes are at a 



bias potential having a constant potential difference with 
respect to a voltage applied to these lower electrodes 
468; for example, the upper reflective films 466 are 
grounded. In the output efficiency control device array 

5 453 having a structure as described above, a varying 
voltage, e.g., 0 [V], +30 [V] is applied to the individual 
lower electrodes 468, whereby the individual output effi- 
ciency control devices can be driven. 

Next, an example of means for measuring the two- 

w dimensional intensity distribution of a light source (heat 
source) using the output efficiency control device array 
453 will be described with reference to Figure 29. Here, 
as an example of the output efficiency control device 
array, an array 473 in which 4x4 output efficiency con- 

75 trol devices are arranged is considered. For the purpose 
of clear description, as shown in Rgure 29, a, b, c, and 
d columns from the left side and 1 , 2, 3, and 4 rows from 
above are used. Hereinafter, the two-dimensional inten- 
sity distrftxition of the heat source 471 having a two- 

20 dimensional intensity distribution, for example, as in a 
human body will be successively described. 

(1) Only the output efficiency control device in an a1 
portion of the output efficiency control device array 
25 473 is driven to conduct optical modulation, 
whereby the intensity of, for example, infrared light 
which is incident upon the a1 portion is detected by 
thep^-electricelemert474i'^^^' rt ' 

30 (2) Next, only the output efficiency cohtrol device in 
an a2 portion is similarly driven to conduct optical 
modulation, whereby the intensity of infrared light in 
1 the a2 portion is detected/ 

35 (3) Thereafter, the output efficiency control devices 
~ in a3 through d4 portions are successively driven in 
^ the same way. 

According to the above procedure, the distribution 

40 of two-dimensional infrared light intensity can be 
detected as signal information in time sequence, not as 
instant information. For example, in Embodiment 9, the 
pyro-electric ' element 474 which takes 5 msec for 
> detecting a signal was used therefore, for example, it 

45 was required to take about 1 .3 seconds for obtaining a 
screenful of information in an array composed of a 16 x 
16 device group. 

In the output efficiency control device array of 
Embodiment 9, a rectangular lens is used so as to 

so obtain a two-dimensional intensity distribution in a rec- 
tangular region. At this time, the shape of a spot of light 
which is incident upon the output efficiency control 
device array becomes a trapezoid for the same reason 
as that In Embodiment 4. Therefore, as shown in Fig- 

55 ures 27 through 29, the plane configuration of the output 
efficiency control device array is also prescribed to be a 
trapezoid. In this manner, the energy amount of light 
which is incident upon the individual output efficiency 
control device can be made constant by matching the 
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array shape with the spot shape. Therefore, an intensity 
distribution can be precisely measured. 

As described above, the infrared sensor of Embod- 
iment 9 is a two-dimensional infrared sensor which is 
less expensive and very useful. In the case where it is 
desirable to increase the number of output efficiency 
control devices so as to detect a large region or conduct 
detection with precision, or in the case where a long 
measurement time is shortened, it is considered that 
another plurality of infrared sensors described in 
Embodiment 9 are arranged and simultaneously driven. 

(Embodiment 10) 

Hereinafter, an infrared sensor of Embodiment 10 
will be descrfoed with reference to Figure 30. 

^Figure 30 is a view showing a structure of an infra- 
redrsiensor 500 of Embodiment 10: (a) is a cross-sec- 
. tionaj view and fb) is a view seen in a -x direction from 
a plane which is parallel to a y-z plane and includes a 
lin^l-J". . 

As shown in Figure 30, the infrared sensor 500 has 
an. array 582 of a plurality of arranged output efficiency 
control devices, a pyro-electric element 583, a lens 584, 
and a spacer 585, which are accommodated in a hous- 
ing 586 provided with an entrance window 587 on its 
upper surface. The ^cer t 585 determines an incident 
angle 62 at which light from a light source 581 is inci- 
dent upon an output efficiency control device array 582. 
The light source 581 has a two-dimensional intensity 
distribution with a relatively smail area. In Embodiment 
10, a diffractk^type ^lers ^im^^ a square sflicon 
substrate is used as the lens 584. As the entrance win- 
dow 587, for example, a silicon substrate with a band- 
pass wwelength filter formed hereon can be used As 
is ui^erstobd from Figure 30^ trie infrared sensor 500 of 
Embodiment 10 uses a plurality of output efficiency con- 
trol devices arranged in an array in the same way as in 
Embodiment 9, in place of one output efficiency control 
device in the infrared sensor of Errtipdiment 8. 
. ^ 10. in the 

same way as in the infrared sensor of Embodiment 4, 
the lens 584 isdisposed between the output efficiency 
corifrol device array 582 and the pyro-electric element 
583. and the lens 584 is made of. for example, conduc- 
tive silicon, thereby an electromagnetic noise generated 
from the output efficiency control device array 582 can 
be blocked. Furthermore, light utilization efficiency is 
high when a Oght intensity distribution in a relatively 
small region is measured, so that a two-dimensional 
intensity distribution can be measured at high sensitiv- 
ity. 

(Embodiment 11) ": 7~ " 

< Hereinafter, referring to Figure 31. a non-contact 
thermometer of Embodiment 11 will be described. Fig- 
ure 31 is a view showing a structure in cross-section of 
a non-contact thermometer 600 of Embodiment 11. As 



shown in Figure 31 , the non-contact thermometer 600 
has an output efficiency control device 641 . a pyro-elec- 
tric element 643, a lens 645. and a contact-type temper- 
ature measuring means 649 such as a thermo-couple. 
5 These are accommodated in a housing 646. As the out- 
put efficiency control device 641, any of the output effi- 
ciency control devices described in the above- 
mentioned Embodiments 4, 6. and 7 may be used, or an 
array of a plurality of arranged output efficiency control 
w devices as described in the above-mentioned Embodi- 
ment 9 may be used. Here, the non-contact thermome- 
ter 600 will be described, exemplifying the case where 
the output efficiency control device of the above-men- 
tioned Embodiment 4 is used. In Embodiment 11 , a drf- 
75 fraction-type lens having a square aperture made of 
silicon is used as the lens 645. The non-contact ther- 
mometer 600 further has a shield 647. The shield 647 is 
attached to a surface of the housing 646 to which the 
lens 645 is attached in a mechanically movable manner 
20 and blocks infrared light 650 which is incident upon the 
lens 645 from an object (not shown) whose temperature 
is to be measured. 

Hereinafter, a measurement principle of the non- 
contact thermometer 600 will be described with refer- 
2$ ence to Figure 31 . Figure 31 (a) shows a state where the 
lens 645 is shielded with the shield 647 and the incident 
infrared light 650 does not "enter the non^iontact ther- 
mometer 600. At this time, a signal generated in the 
pyro-electric . element 643. by operating the output effi- 
30 ciency control device 641 .corresponds to the tempera- 
ture of the shield 647. In Embodiment 11, the contact- 
type temperature measuring means ^thermo-couple) 
649 is disposed, for example, on an inner wall of the 
housing 646 au^d measures the temperature of the 
.35 Jtousing ^inaOT , ^ 

In terms of principle; the contact-type temperature 
measuring means 649 is desirably disposed on the 
shield 647. However, as described later, in Embodiment 
11. the shield 647 is mechanically moved; therefore, 
40 when the contact-type temperature measuring means 
. 649 is disposed on the shield 647, they become compli- 
cated in terms of mechanism and its durability is 
degraded. Therefore, in Embodiment 11, the tempera- 
ture of the housing 646 is measured as the temperature 
45 of the shield 647. Acconfing to the measurement by the 
inventors of the present invention, the difference in tem- 
perature between the shield 647 and the housing 646 is 
sufficiently smaller than 0.1°C which is a precision of the 
non-contact thermometer 600 of Embodiment 1 1 . Thus, 
so the difference in temperature has no practical problem. 
Figure 31(b) shows a state where the lens 645 is 
not shielded with the shield 647. Such a state can be 
realized,\for example, ^manually sliding the shield 
647. At this time; the incident infrared light 650 enters 
55 the non-contact thermometer 600 through the lens 645, 
and the intensity of the incident infrared light 650 can be 
detected as a signal from the pyro-electric element 643 
by driving the output effidency control device 641 in 
accordance with the principle described in Embodiment 
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4. In general, in the case where the radiation ratio of an 
object is constant, the intensity of infrared light output 
from the object is proportional to the fourth power of the 
object temperature. Therefore, the temperature of an 
object (not shown) whose temperature is to be meas- 
ured can be calculated based on the measured signal 
intensity, the intensity of a signal output from the pyro- 
electric element 643 in the state shown in Figure 31(a), 
and the signal detected by the contact-type temperature 
measuring means 649. 

As described above, in the non-contact thermome- 
ter 600 of Embodiment 11 . the incident infrared light 650 
is modulated by the output efficiency control device 641 , 
whereby the non-contact thermometer 600 can be min- 
iaturized and the power consumption can be 
decreased. Furthermore, in the output efficiency control 
device 641, the output efficiency is modulated by a 
minute operation of the beams as described in Embodi- 
ment 4, so that noise is not caused at a time of driving. 
In recent years, an eardrum thermometer, which meas- 
ures a body temperature by measuring the temperature 
of an eardrum of a human body in a non-contact man- 
ner, has been developed. The non-contact thermometer 
600 of Embodiment 11 does not generate noise at a 
time of driving even when used for such a purpose. 
Therefore, the non-contact thermometer 600 has a 
great advantage that it does not involve any unpleasant- 
ness when in use. 

In Embodiment 1 1 , the case where the output effi- 
ciency control device of the above-mentioned Embodi- 
ment 4 is used as the output efficiency control device 
has been described. However, it is appreciated that the 
output efficiency control device described in Embodi- 
ment 6 or 7 or the output efficiency control device array 
of Embodiment 9 may be used in accordance with the 
application. For example, the use of the output effi- 
ciency control device array described in Embodiment 9 
enables the two-dimensional temperature distribution to 
be measured in a non-contact manner. It is also appre- 
ciated that the arrangement of the lens and the output 
efficiency control device is applicable in accordance 
with an object to be measured, as described in Embod- 
iment8or10. 

INDUSTRIAL APPLICABILITY 

As described above, in the optical modulator of the 
present invention, the output efficiency control device 
and the focusing means are used in combination, 
thereby a light irradiation area on the output efficiency 
control device is decreased and the output efficiency 
control device is miniaturized. Because of this, an opti- 
cal modulator can be realized, which has a high 
response speed, is easily produced and capable of 
modulating incident light having a large beam diameter. 
When such an optical modulator is applied to a projec- 
tion-type display apparatus, a projection-type display 
apparatus having large fight utilization efficiency can be 
realized. 



Furthermore, in the output efficiency control device 
of the present invention, the plane configuration of a 
grating portion is designed in accordance with the 
shape of a spot of incident light formed on the output 
s efficiency control device. For example, even when the 
spot shape of incident infrared light on the output effi- 
ciency control device becomes a trapezoid, the number 
of the beams included in the trapezoidal spot can be 
made constant in the upper and lower portions of the 
w trapezoidal spot and a uniform diffraction effect can be 
obtained by prescribing the period of the beams forming 
the grating so as to vary according to a linear function in 
their longitudinal direction. Thus, the degradation of the 
modulation characteristics caused by non-uniform dif- 
75 fraction of light can be prevented. 

Furthermore, in the output efficiency control device 
of the present invention, the lengths of all the beams are 
prescribed to be equal. Because of this, all the beams 
can be completely, amultanepusly operated when a 
voltage is applied or removed. Therefore, driving of 
on/off of light can be performed at a high speed, and 
driving at a high frequency becomes possible. Thus, in 
the case where such an output efficiency control device 
is applied to, for example, an infrared sensor, detecti n 
with high precision can be conducted within a short 
period of time 

The output efficiency control device having a grat- 
ing whose plane configuration is designed as described 
above can also be applied to' the display apparatus of 
the present invention. For example, when a lens with a 
rectangular aperture is used as the focusing means, th 
plane configuration of the grating of the output efficiency 
control device in the optical modulator is designed to b 
a trapezoid in which the interval between the beams 
varies according to a linear function in their longitudinal 
direction: ~; *" ; : " 

Furthermore, in the case where the output effi- 
ciency control device of the present invention is applied 
to an infrared sensor, for example, even when the spot 
shape on the output efficieincy control device becomes 
a trapezoid, using a lens having a rectangular aperture, 
the modulation characteristi<^.jcan be prevented from 
degrading by disposing the output efficiency control 
device between the lens and the pyro-electric element. 
In this case, a spot formed on the pyro-electric element 
has a rectangular shape with a size smaller than that in 
the case of using a lens having a circular aperture. 
Thus, fight is enabled to be incident upon the entire 
pyro-electric dement and a pyro-electric element with a 
so small area will suffice, so that a cost can be reduced. 
Simultaneously, a signal level higher than the level con- 
ventionally obtained can be obtained. Therefore, an 
infrared sensor with an ultra-small size and high sensi- 
tivity can be realized as a whole. 
55 Alternatively, in an infrared sensor using the output 
efficiency control device of the present invention, light 
output from the output efficiency control device is 
focused onto the pyro-electric element by using a lens, 
thereby outgoing fight from a point light source at almost 
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a constant distance from the sensor can be utilized at a 
high efficiency. Furthermore, by designing the lens so 
as to have a rectangular aperture and using an output 
efficiency control device having a grating with a plane 
configuration in accordance with a spot shape formed 
by the lens in such a structure, the area utilization effi- 
ciency of the lens is enhanced. Therefore, a miniatur- 
ized infrared sensor with high sensitivity for short 
distances can be realized. 

Furthermore, in the case where the output effi- 
ciency control devices of the present invention are 
arranged in a two-dimensional array, when the Gght 
intensity distribution is different in a spot for example, 
due to the trapezoidal shape of the spot the total 
amount of energy or light which is incident upon the indi- 
vidual output efficiency control device is made equal by 
prescribing the entire output efficiency control device 
arrSyto be a trapezoid. In the case where a plurality of 
output efficiency control devices are arranged in a two- 
dimensional array and incorporated into an infrared 
sensor as described above, a two-dimensional infrared 
light intensity distribution can be detected as informa- 
tion in time sequence by successively operating the out- 
put efficiency control devices and successively 
detecting signals output from a pyro-electric element at 
that time, and a much less expensive two-dimensional 
infrared sensor can be prdyided. ^ 

. Furrt ermore, the output efficiency control device of 
the present invention can also be applied to a non-con- 
tact thermometer. In this case, first the output efficiency 
control device is driven in a state where infrared light is 
prevented ffomjente^ erf fte nbn-contact, 

therrnometerby using a shield and a signal generated 
from a pyra-dectric element is detected/ while the tem- 
perature is measured by intact-type, temperatiff 
measuring means provided in the housing. Thereafter, 
the output efficiency control device is driven and a sig- 
nal generated from the pyro-electric element is 
detected, in a state where the shield is opened so as to 
allow infrared light to entering the housing of the non- 
<x>rt|fct :tfermometer. Baseci on i the signals generated 
frorrvtrie "pyro-electric dement in the above-mentioned " 
two jjat^s and the tarperature measured by the con- 
tact-type temperature measuring means, the tempera- 
ture of an object to be measured can be measured with 
remarkable precision in a non-contact manner. 

Claims 

1 . An optica) modulator comprising: 

output efficiency control means for modulating 
a light amount of light which is incident there- 
upon; ' * """■•*■'" "\ 
first focusing means for focusing the light onto 
the output efficiency control means; and 
second focusing means for outputting the light . 
whose light amount is modulated by the output 
efficiency control means. 



wherein the first and second focusing 
means are disposed so as to oppose the output 
efficiency control means. 

5 2. An optical modulator according to claim 1 , wherein 
the output efficiency control means is a reflection- 
type optical element 

3. An optical modulator according to claim 1 , wherein 
10 the first focusing means and the second focusing 

means are formed on an identical surface of a sub- 
strate. 

4. An optical modulator according to claim 1, further 
is comprising a transparent substrate having a first 

surface and a second surface opposing each other, 
wherein the first focusing means and the 
second focusing means are formed on the first sur- 
face of the transparent substrate, and the output 
20 efficiency control means is a reflection-type optical 
element formed on the second surface of the trans- 
parent substrate. 

5. An optical modulator according to claim 1 , wherein 
25 the output efficiency control means comprises: 

a transparent electrode which functions as a 
first electrode, formed on the second surface of 
the transparent substrate; 
30 a first grating formed on the transparent elec- 

trode; 

V a spacerjayerformedbnthe transparent elec- 
trode; and 

a second grating composed of a plurality of 
as beams having a portion which functions as a 

/ second electrode, both aids of the beams 
being supported on the spacer layer, 

wherein a distance between the trans- 
parent electrode and the second grating is var- 
40 ied by adjusting a voltage applied between the 

first electrode and the second electrode, 
thereby controlling an efficiency at which the 
light focused by the first focusing means is out- 
put to the second focusing means. 

45 

6. An optical modulator according to claim 5, wherein 
the output efficiency control means further includes 
an insulating layer provided on the first grating. 

so 7. An optical modulator according to claim 3. wherein 
the first and second focusing means have an iden- 
tical shape, and 
. wherein the output efficiency control means . 

is .disposed with a center thereof positioned at a 

55 . point of intersection of a. line vertical to a plane on 
. which the first focusing means and the second 
focusing means are formed, extending from a 
center of a straight line connecting a center of the 
first focusing means and a center of the second 
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focusing means, and a plane on which the output 
efficiency control means is formed. 

8. An optical modulator according to claim 3. wherein 
the first focusing means and the second focusing s 
means have a similar elliptical shape in which a 
cross-section in a thickness direction gradually 
decreases and are arranged in a major axis direc- 
tion thereof. 

10 

9. An optical modulator according to claim 8, wherein, 
assuming that an incident angle of an optical axis of 
the light incident on the first focusing means with 
respect to a vertical direction of a plane on which 
the first focusing means and the second focusing is 
means are formed is 6, a size ratio of the major axis 

of the ellipsoid to a minor axis is 1/cos6 . 

10. An optical modulator according to claim 1, wherein 
the output efficiency control means is a movable 20 
mirror. 

11. An optical modulator according to claim 3, wherein 
the first focusing means and the second focusing 
means are diffraction-type mircolenses having a 25 
binary/multi-level structure. 

12. An optical modulator according to claim 5. wherein 
the first focusing means and the second focusing 
means are square lenses each haying a rectangu- 30 
lar aperture, and an interval between the plurality of f 
beams in the second grating of the output efficiency 

■ ' control means gradually increases in a longitudinal 
direction of the beams. 

' l ' ' 35 

13. An optical modulator according to claim 12. wherein 
a period of the grating increases accorcfing to a lin- 
ear function in a longitudinal direction of the grating. 

14. An optical modulator according to claim 12. wherein 40 
lengths off the plurality of beams are equal in the 
second grating. 1 

1 5. An optical modulator according to claim 12. wherein 
the first grating and the second grating of the output 45 
efficiency control means are designed in such a 
manner that a portion of the grating having a small- 
est period becomes 7 times or more a wavelength 

of the incident light. 

50 

16. An optical modulator according to claim 15, 
wherein, assuming that a length of one side of the 
lens is U a focal length of the lens is f, and an angle 
formed by a normal to a principal plane off the plate 

of the output efficiency control device and the opti- 55 
cal axis off the lens is 8, the first grating and the sec- 
ond grating are designed in such a manner that a 
portion of the grating having a largest period 
becomes 7(2f + Ltan0)/(2f - LtanO) times or more 



the wavelength of the incident light. 

17. A display apparatus comprising: 

a light source; 

splitting means for splitting light emitted from 
the light source into a plurality of colored light 
beams having wavelength ranges different 
from each other; 

a plurality of optical modulators, provided in 
optical paths of the plurality of colored light 
beams, respectively, for modulating the plural- 
ity of colored light beams, respectively; and 
an imaging lens for imaging the plurality of 
colored light beams modulated by the plurality 
of optical modulators, 

wherein each of the plurality of optical 
modulators includes: 

a plurality of output efficiency control means 
' 'arrangisd Tin [an array, lor modulating a light 
amount of corresponding colored light beam of 
the plurality of colored light beams; and 
focusing means having a plurality of focusing 
elements arranged in an array, the correspond- 
ing colored light beam is incident upon the 
focusing means in a direction oblique to an 
optical axis of the focusing means and is 
focused on the output efficiency control means, 
and the mbdulated corresponding colored light 
beam is output in an oblique direction through 
the focusing means!' """ 

1 8. A display apparatus according to claim 1 7, wherein 
an incident angle at which the colored light beam is 
incident upon the focusing means is equal to an 
angle at which the .colored light beam is output from 
the focusing means; 

an interval at which the plurality of output effi- 
ciency control means are arranged is equal to 
an interval at which the plurality of focusing de- 
ments are arranged in the focusing means, and 
the plurality of output efficiency control means 
are disposed so as to shifted by a half of the 
arrangement interval with respect to the focus- 
ing means in a direction in which an incident 
direction of the colored light beam is tilted with 
respect to the optical axis of the focusing 
means. 

1 9. A display apparatus according to claim 1 7, wherein 
each of the plurality of output efficiency control 
means is disposed so as to oppose a pair of focus- 
ing elements adjacent to each other of the plurality 
of focusing elements of the focusing means, 
receives the corresponding colored light beam from 
one of the pair of focusing elements, and outputs 
the modulated corresponding col red light beam to 
the other one of the pair of focusing elements. 
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20. A display apparatus according to claim 1 7, wherein 
the plurality of output efficiency control means are 
arranged in an m-row and n -column two-dimen- 
sional array, the plurality of focusing elements are 
arranged in an (m+1)-row and n-column two-dimen- 
sional array in the focusing means, and output effi- 
ciency control means on a k-th row is disposed so 
as to correspond to a focusing element on a k-th 
row and a focusing element on a (k+1)-th row. 

21 . A display apparatus according to claim 1 7, wherein 
the plurality of optical modulators include a trans- 
parent substrate having a first surface on which the 
focusing means is formed and a second surface 
opposing the first surface, and the output efficiency 
control means is a reflection-type optical element 
formed on the second surface. 

22. A display apparatus according to claim 21 , wherein 
^each i of the plurality of output efficiency control 
"Orleans includes: 

a transparent electrode which functions as a 
first electrode, provided on the second surface 
of the transparent substrate; 
a first grating formed on the transparent elec- 

' .;trode; [V ^/ : . /;;; .^"'v. 

" a spacer layer formed bn the transparent elec- 
trode; and 7 " , . ' • ~ 
a second/grating composed of a plurality of 
beams having a portion which functions as a 
_ second electrode, both ends. of the beams 
being supported on the spacer layer. 

wherein a distance between the trans- 
parent electrode and the second grating is var- 
ied by adjusting a witage applied between the 
first electrode and the second electrode, 
thereby an efficiency at which the correspond- 
ing colored light beam is output to the focusing 
means.is controlled. 

23: ^('display apparatus accwding to claim 17, wherein 
the plurality of focusing elements have a similar 
elliptical shape in which a cross-section gradually 
decreases in a thickness direction thereof. 

24. A display apparatus according to daim 23, wherein 
assuming that an angle of an optical axis of the cor- 
responding colored light beam incident upon the 
focusing means with respect to a vertical direction 
of a plane on which the focusing means is formed is 
e, a size ratio of a major axis of the ellipsoid to a 
minor axis is 1/cos8 . 

25. A display apparatus accortfng to claim 1 7, wherein 
the splitting means has a first splitting element 
which reflects a blue light beam and transmits the 
other light beams, a second splitting element which 
reflects a green light beam and transmits the other 
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light beams, and a third splitting element which 
reflects a red light beam and transmits the other 
light beams. 

26. A display apparatus according to claim 25, wherein 
a wavelength bandwidth of light reflected from the 
first splitting element is smaller than wavelength 
bandwidths of light reflected from the second split- 
ting element and the third splitting element. 

27. A display apparatus according to claim 25, wherein 
a wavelength bandwidth of light reflected from the 
third splitting element is larger than wavelength 
bandwidths of light reflected from the first splitting 
element and the second splitting element. 

28. A display apparatus according to daim 25, wherein 
a wavelength bandwidth of reflected light 
decreases in the order of the third splitting element, 
the second splitting element and the first splitting 
element. 



29. A display apparatus according to daim 25, wherein 
the light emitted from the light source passes 
25 through the first splitting element, the second split- 
ting element and the third splitting element in this 
order. tr r 

. 30. A display apparatus according to daim 22, wherein 
.30 _ each of the plurality of optical modulators further 
has a control circuit of the output effidency control 
.' r V.f v T means^and fie second electrode of each of the 
output efficiency control means is connected to a 
connecting electrode of the control circuit via a sol- 
55 . v derbump. . 



31, A display apparatus according to claim 21 , wherein 
each of the plurality of optical modulators further 
has light absorbing means provided in a region of 

. the transparent substrate other than a region 
thereof where the focusing means and the plurality 
of output efficiency control means are formed. 

32. A display apparatus according to daim 31 , wherein 
the light absorbing means is also provided on each 
periphery of the plurality of focusing elements. 
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33. A display apparatus according to claim 22, wherein 
the output efficiency control means outputs zero-th 
so order diffracted light of the corresponding colored 
fight beam. 

... 34. A display apparatus according to daim 1 7, wherein 
the plurality of output efficiency control means are a 
55 . . movable mirror array. 

35. A display apparatus according to daim 22, wherein 
the focusing means is a diffraction-type mircolens 
array having a binary/multi-level structure. 
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36. A display apparatus according to claim 22, wherein, 
in the second grating, an interval of the plurality of 
beams gradually increases in a longitudinal direc- 
tion of the beams. 

37. A display apparatus according to claim 36. wherein 
a period of the grating increases according to a lin- 
ear function in a longitudinal direction of the grating. 

38. A display apparatus according to claim 36, wherein, 
in the second grating/lengths of the plurality of 
beams are equal. 

39. An output efficiency control device which modu- 
lates a light amount of incident light and outputs the 
modulated light comprising: 

a plate having a portion which functions as a 
first electrode; 

a spacer layer formed on the plate; and 
a grating composed of a plurality of beams 
which are not parallel to each other, the beams 
having portions which function as second elec- 
trodes, both ends of the beams being sup- 
ported on the spacer layer, 

wherein a distance between the grating 
and the plate is varied by adjusting a voltage 
applied between the first electrode and the sec- 
ond electrodes, thereby an output efficiency of 
the light is controlled. 

40. An output efficiency control device according to 
claim 39, wherein a period of the grating gradually 
increases in a longitudinal direction of the grating. 

41. An output efficiency control device according to 
claim 40, wherein the period of the grating 
increases according to a linear function in a longitu- 
dinal direction of the grating. 

42. An output efficiency control device according to 
claim 40, wherein lengths of the plurality of beams 
are equal. 

43. An output efficiency control device according to 
claim 39, wherein the plurality of beams of the grat- 
ing are aligned on an identical plane when a voltage 
is not applied between the first electrode and the 
second electrodes, and every other beam is 
attracted to the plate when a voltage is applied, 
thereby the output efficiency is controlled. 

44. An output efficiency control device according to 
claim 43, wherein the plurality of beams are 
densely aligned and function as a mirror when a 
voltage is not applied between the first electrode 
and the second electrodes. 

45. An output efficiency control device according to 



claim 39. wherein, assuming that a wavelength of 
the incident light is X, and an angle formed by a nor- 
mal of a principal plane of the plate of the output 
efficiency control device and an optical axis of the 
5 incident light is 8, an operation distance of the grat- 
ing is set to be nU/(4cosG) , where m is an integer. 

46. An output efficiency control device according to 
claim 39. wherein, assuming that a wavelength of 

w the incident light is X. and an angle formed by a nor- 
mal to a principal plane of the plate of the output 
efficiency control device and an optical axis of the 
incident light is 9, a thickness of the beams is set to 
be mX/(4cos6) , where m is an integer. 

15 

47. An output efficiency control device according to 
claim 39, further comprising a reflective film formed 
on a surface of the plate and a surface of the grat- 
ing. 

48. An output efficiency control device according to 
claim 39, further comprising an insulating film 
formed between the plate and the grating. 

25 49. An output efficiency control device according to 
claim 48, further comprising a reflective film formed 
on a surface of the insulating layer and a surface of 
the grating. / 

~30 : 50. An infrared sensor comprising: 

a lens for focusing infrared light; 
a pyro-electric element; and 
the output efficiency control device of claim 39, 
35 which receives the infrared light focused by the 

^ ; lens arid outputs at least part of the infrared 
light to the pyro-electric element. 

51. An infrared sensor according to claim 50, wherein 
40 the pyro-electric element has a rectangular surface. 

52. An infrared sensor accacfing to claim 51 , wherein 
. the lens has a rectangular aperture. 

45 53. An infrared sensor according to claim 50, wherein 
the output efficiency control device is obliquely dis- 
posed in such a manner that a normal to a principal 
plane of the plate is disposed so as not to be paral- 
lel to an optical axis of the lens. 

so 

54. An infrared sensor according to claim 50, wherein 
the output efficiency control device is disposed in 
such a manner that only zero-th order diffracted 
light of diffracted light diffracted by the grating of the 
55 output efficiency control device is incident upon the 
pyro-electric element and diffracted light other than 
the zero-th order diffracted light is not incident upon 
the pyro-electric element 
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55. An infrared sensor according to claim 50. wherein a 
change in a distance between the grating and the 
plate of the output efficiency control device 
changes a light amount of the zero-th order dif- 
fracted light. 

56. An infrared sensor according to clam 50. wherein 
the infrared sensor further includes a sealing mem- 
ber having an opening, and the sealing member 
contains the output efficiency control device and 
the pyro-electric element 

57. An infrared sensor according to claim 56, wherein 
the lens is provided in the opening of the sealing 
member. 

58. An infrared sensor according to daim 50, wherein 
^the lens is a diffraction-type lens. 

59. : An infrared sensor according to claim 52, wherein a 
^smallest period of the grating of the output effi- 
ciency control device is 7 times or more a wave- 
length of the infrared light. 

60. An infrared sensor according to claim 52, wherein, 
assuming that a length of one side of the lens is L. 
a focal length of the lens is f f and an angle formed 
by a normal to a principal plane of the plate of the 
output efficiency control device and an optical axis 
of the lens is 0, a largest period of the grating is 
7(2f + Ltan9)/(2f - LtanO) times or more a wave- 
length of the infrared light 1 

61. An infrared sensor accordihg to daim 50, wherein 
the output effidency <x>nfrql device is disposed in 
such a manner that a direction which is parallel to a 
principal plane of the plate and vertical to the grat- 
ing is vertical to an optical axis of the lens. 

62... An infrared sensor comprising: 

,J . the output ^icien^ control devide of daim 39, 
which outputs at least part of incident infrared 
light; 

a pyro-electric element; and 
a lens, provided between the output effidency 
control device and the pyro-electric element, 
for focusing the infrared light output from the 
output efficiency control device onto the pyro- 
electric element. 

63. An infrared sensor according to daim 62, wherein 
the pyro-electric element has a rectangular surface. 

64. Ah infrared sensor according to daim 63, wherein 
the lens has a rectangular aperture. 

65. An infrared sensor according to daim 62, wherein 
the output effidency control device is obliquely dis- 



posed in such a manner that a normal to a principal 
plane of the plate is not parallel to an optical axis of 
the lens. 

5 66. An infrared sensor according to claim 62, wherein 
the output efficiency control device is disposed in 
such a manner that only zero-th order diffracted 
light of diffracted light diffracted by the grating of the 
output effidency control device is incident upon the 

to pyro-electric element, and diffracted light other than 
the zero-th order diffracted light is not incident upon 
the pyro-electric element. 

67. An infrared sensor according to daim 62, wherein a 
is change in a distance between the grating and the 
plate of the output effidency control device 
changes a light amount of the zero-th order dif- 
fracted light 

20 68. An infrared sensor according to claim 62, wherein 
the infrared sensor further includes a sealing mem- 
ber having an opening, and the sealing member 
contains the output. efficiency control device and 
the pyro-electric element. * 

25 

69- An infrared sensor according to claim 62, wherein 
. , / the lens has a surface relief structure in accordance 
with a j modulated amount of a phase of the lens and 
is composed of a material selected from a group 
consisting of Si, Ge/GaAs, InP, GaP t ZnSe. and 
Zn$. 

70. An infrared sensor according to daim 62, wherein 
the output efficiency control device is disposed in 
such a rnanner that a direction which is parallel to a 
prindpad plane of the plate and vertical to the grat- 
ing l is vertical to an optical axis of the lens. 

71. An output efficiency contrd device array which 
modulates a light amount of incident light and out- 

. . puts the modulated light, having a plurality of output 
effidency control devices arranged in a two-dimen- 
sional array, each of the plurality of output efficiency 
control devices comprising; 

a plate having a portion which functions as a 
first electrode; 

a spacer layer formed on the plate; and 
a grating composed of beams which are not 
parallel to each other, the beams having por- 
tions which function as second electrodes, both 
ends of the beams being supported on the 
. spacer layer, 

.wherein a distance between the grating 
and the plate is varied by adjusting a voltage 
applied between the first electrode and the sec- 
ond electrodes, thereby an effidency at which 
the light is output is controlled. 
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72. An infrared sensor comprising: 

a lens for focusing infrared light; 

a pyro-electric element; and 

the output efficiency control device array of 

claim 71, which receives the infrared light 

focused by the lens and outputs at least part of 

the infrared light to the pyro-electric element 

73- An infrared sensor, comprising: 

the output efficiency control device array of 
claim 71 , which outputs at least part of incident 
infrared light; 

a pyro-electric element; and 
a lens, provided between the output efficiency 
control device and the pyro-electric element, 
for focusing the infrared light output from the 
output efficiency control device onto the pyro- 
electric element . 

74. A method for driving the infrared sensor of claim 72, 
comprising the steps of: 

successively operating the plurality of output 
efficiency control devices, and successively 
detecting output signals from the pyro-electric 
element thus obtained; and 
detecting a two-dimensional infrared light 
intensity distribution as information in time 
sequence, based on the detected output sig- 
nals from the pyro-electric element. 

75. A method for driving the infrared sensor of claim 73, 
comprising the steps of: 

successively operating the plurality of output 
efficiency control devices, and successively 
detecting output signals from the pyro-electric 
element thus obtained; and 
detecting a two-dimensional infrared fight 
intensity distribution as information in time 
sequence, based on the detected output sig- 
nals from the pyro-electric element. 

76. A non-contact thermometer comprising: 

a lens for focusing infrared light; 
a housing having an opening; 
a shield which closes and opens the opening; 
a pyro-electric element provided in the hous- 
ing; 

contact-type temperature measuring means 
provided on a side wall of the housing; and 
the output efficiency control device of claim 39, 
which is provided in the housing, receives the 
infrared light focused by the lens, and outputs 
at least part of the infrared light. 



77. A non-contact thermometer according to claim 76, 
wherein the contact-type temperature measuring 
means is a thermo-couple. 

5 78. A non-contact thermometer comprising: 

a housing having an opening; 

a shield which closes and opens the opening; 

a pyro-electric element provided in the nous- 

10 ing; 

contact-type temperature measuring means 
provided on a side wall of the housing; 
the output efficiency control device of claim 39. 
which is provided in the housing, receives inf ra- 

is red light through the opening, and outputs at 

least part of the infrared light; and 
a lens which outputs at least part of the infrared 
light output from the output efficiency control 
device to the pyro-electric element. 

20 

79. A non-contact thermometer according to claim 78, 
wherein the contact-type temperature measuring 
means is a thermo-couple. 

25 80. A non-contact thermometer comprising: 

a lens for focusing infrared light; 
a housing having an opening; 
a shield which closes and opens the opening; 
30 a pyro-electric element provided in the hous- 

ing; 

contact-type temperature measuring means 
provided on a side wall of the housing; and 
the output efficiency control device array of 
35 claim 71, which is provided in the housing, 

receives the infrared fight focused by the lens, 
and outputs at least part of the infrared light 

81. A non-contact thermometer according to claim 80, 
40 wherein the contact-type temperature measuring 

means is a thermo-couple. 

82. A non-contact thermometer comprising: 

45 a housing having an opening; 

a shield which closes and opens the opening; 
a pyro-electric element provided in the hous- 
ing; 

contact-type temperature measuring means 
so provided on a side wall of the housing; 

the output efficiency control device of claim 71 , 
which is provided in the housing, receives infra- 
red light incident through the opening, and out- 
puts at least part of the infrared light; and 
55 a lens which outputs at least part of the infrared 

light output from the output efficiency control 
device to the pyro-electric element. 

83. A non-contact thermometer accordiog to claim 82, 
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wherein the contact-type temperature measuring 
means is a thermo-couple. 

84. A method for producing the display apparatus of 
claim 1 7, comprising the steps of: s 

producing the plurality of optical modulators; 
and 

arranging and assembling the light source, the 
splitting means, the plurality of optical modula- w 
tors, and the imaging lens. 

wherein the step of producing the plural- 
ity of optical modulators includes: 
forming the focusing means on a first surface of 
a transparent substrate; 15 
forming the plurality of output efficiency control 
means each having a connecting portion for 
driving on a second surface of the transparent 
substrate opposing the first surface; 
connecting the connecting portion for driving to 20 
a driving circuit for driving the plurality of output 
efficiency control means; 
in the case where thereis a connection defect 
between the connecting portion for driving and 
the driving circuit, irradiating the connecting 25 
portion corresponding to the connection defect 
with laser Jight tlweby repairing the connec- 
tion defect." " 
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